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for better drawing quality steel 


The uniformity of anneal possible only through the Open Coil Process 
means a more uniform Rockwell with more uniform drawing quality 
throughout the entire coil. This enables a steel producer to duplicate 
orders, providing the same steel time after time, so that one stamping 
plant will be using precisely the same steel as another — an important 
consideration for decentralized manufacturing. ‘‘Stickers’’ are elimi- 
nated, and it is now possible to roll smoother deep-draw steels 
with better surface qualities for improved end products. For 
further information write the Lee Wilson Engineering Co., Inc., 
20005 Lake Road, 

Cleveland 16, Ohio. e 
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Cover: As a change of pace from our usual four-color 
process front covers, MP’s art director chose an interesting 
two-color combination — yellow and black — for this repro- 
duction of Howarp STOLLER’s entry in the 1961 Metal 
Progress Cover Contest at the Cleveland Institute of Art. 


Technical News in Brief 


Miniature Zinc Die Castings Offer Cost Advantage . . . Tellurium Improves Machin- 
ability of Steel . . . Consumable Electrode Vacuum Furnace With Lazy-Susan Device 
. . . Research on Copper Promises Improved Materials . . . More Zine for Automobiles 
. . » Induction Furnace Produces Cast Iron for Valve Bodies . . . Difficult Tungsten 
Shapes Forged Successfully . . . Beryllium Corp. Dedicated New Plant . . . How to 
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Modern Heat Treatment 
A Superior Microstructure for Optimum Induction Hardening, by Richard J. Gould 


In the development of the hardened and tempered microstructure of steel, as commonly 
used in induction hardening, there exists a critical carbide particle size. A slight devi- 
ation from this critical size will result in either optimum or inferior case hardnesses. 
Also, prolonged tempering times adversely affect the response of the microstructure to 
induction hardening. 


Temperature Control in Titanium Processing, by P. C. Barr 


For processing, titanium should be heated only to the lowest possible forming tempera- 
ture. Though protective atmospheres are not needed, room air should be kept from 
inside the furnace as much as possible. 


Heat Treating in a Vacuum, Staff Report 


Vacuum heat treating has much potential for producing parts which meet critical 
hardness, tolerance and surface finish requirements. 


Engineering Articles 
A Method for Strengthening Semiaustenitic Stainless Steels, by D. C. Ludwigson 
Both the formability and strength of a semiaustenitic stainless steel can be improved 
to a degree by mild deformation followed by a stabilizing heat treatment. 


Aluminum 2219 .. . New Alloy for High-Strength Welded Structures, 
by F. R. Collins, F. G. Nelson and I. B. Robinson 
A heat treatable alloy which retains its high strength at temperatures of 450 to 700° F., 
2219 also has demonstrated superior weldability. Weldments perform well at subzero 


and at elevated temperatures. 


Welding 2219 Aluminum for Bomarc Fuel Tanks, 
by Stanley L. Sears and Richard S. Crial 


This important application, the first for 2219, has verified the manufacturing adapt- 


ability of the alloy. No other aluminum alloy has comparable reliability in pressure-vessel 
applications where postweld heat treatment is required. 


Table of Contents Continued on Page 3 


The coding symbols on articles in Metal Progress refer to the ASM-SLA Metallurgical Literature 
Classification, International (Second) Edition, 1958 


~ 
i 


End Product is longer life and lower 
maintenance for heat-resistant parts 
... radiant tubes, furnace rolls, blow- 
pipes, gas generators and other tubu- 
lar or tubular-section components. 

Supertherm* is a 26% Cr—35% Ni 
alloy strengthened and stabilized 
with cobalt and tungsten. Super- 
therm* has proved its capability 
within the 1800-2300° F range and 
under very severe heat-cycling con- 
ditions. In many cases, the alloy 
has extended service life two to 


*Supertherm alloy (trademark) 


three times over previous operations. 

The uniformity, density, quality 
advantages of centrifugal casting are 
assured in full at Electro-Alloys, 
recognized as having one of the 
finest centrifugal-cast facilities in 
the country. 

For further information on Super- 
therm* and its applications, contact 
your nearest Electro-Alloys repre- 
sentative. Or write to Electro-Alloys, 
and a technical bulletin will be for- 
warded to you. 


ELECTRO-ALLOYS DIVISION Elyria, Ohio 


Circle 1873 on Page 48-B 


Electro-Alloys Division 
30111 Taylor Street, Elyria, Ohio 


Please send technical data 
on SUPERTHERM 


Name_ 
Title_ 
Company 
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Malleable Irons. . . 


Versatile Engineering Materials, by Hans J. Heine 


The foundry industry has made significant progress in advancing the technology ot 
malleable irons. More is known about machinability and recent studies confirm their 
excellent stress-rupture properties to at least 800° F. 


A Metal for Service at Both Cryogenic and Ultrahigh Temperatures, 


by H. R. Ogden and I. Perlmutter 


Tantalum alloys may be useful for parts requiring a combination of toughness at 
cryogenic temperatures with strength at high temperature. 


Stainless Steels for High-Strength Welded Structures and Components, Staff Report 


Stainless steels, including the more recent precipitation-hardening grades, have become 
important engineering materials for welded structures. 


No. 8 in a Series on Better Finishing 


How to Get the Most From Phosphating Systems — III, by George H. Pimbley 


The “iron” phosphate systems — either dip or spray—are simple in operation and 
maintenance, and usually require less equipment than the zinc and manganese phos- 


phating systems. 
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An important advance in metal powders! 


Clad powders with metal and non-metal 
cores open the way to new materials and 
technologies! 


Out of the laboratory and into commercial use comes 
a concept that promises to advance metal powder 
technology. 
Composite powders— made by Sherritt’s patented process 
—consist of finely divided metal or non-metal particles 
coated with nickel or cobalt. The composition of these 
particles can be controlled to produce a wide range of 
materials with improved or unusual properties. 
Composites with metallic cores include nickel-aluminum 
and nickel-tungsten. Various grades of graphite have 
been coated with nickel. High phosphorus alloys—not 
easily formed by conventional methods—are readily pre- 
pared with nickel or cobalt as the cladding. Carbides of 


tungsten, titanium, tantalum, chromium and silicon, and 
oxides such as alumina, silica, zirconia are used as core 
materials. Even ceramics and fibrous materials, such as 
asbestos and alumina-silica wool, have given good results. 
And, most recent of all, are coated-plastic powders, such 
as Teflon* coated with nickel. 

Applications range from electrical resistance alloys, 
controlled expansion alloys and hard facing alloys to 
welding rods, permanent magnets, cemented carbides, 
bonded abrasive tools, and many others. 

How will these metal-coated powders improve your 
processing or your products? What new uses will you 
make of them? If clad powders spark your imagination — 
or your curiosity—write our Technical Literature De- 
partment for free Booklet, ‘‘Metal and Composite 
Powders.” Or, ask a Sherritt Contact Metallurgist to 
call. Address request to Marketing Division, Sherritt 
Gordon Mines Ltd., 25 King St. West, Toronto, Canada. 


*Du Pont Trademark 


SHERRITT GORDON MINES LIMITED 


Circle 1874 on Page 48-B 
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Tux Epiror HAS JUST RETURNED from a trip deep in the heart 
of Texas where he participated in a meeting of the Atomic Energy 
Commission’s Welding Forum in San Antonio. This group, under 
the leadership of genial Frank Davis, formerly with the A.E.C. and 
now associated with the Southwest Research Institute in San 
Antonio, has been meeting annually for some ten years to present 
papers and discuss developments in welding, brazing and fabrica- 
tion technology, as related to problems in the nuclear field. The 
meeting is held on a classified basis so that the participants may 
discuss their problems freely. Even so, the sessions provide a 
wealth of new ideas for articles in Metal Progress which can be 
presented on a basis to serve the broad technological interests of 
industries which can profit from techniques devised by atomic 
scientists and engineers. So in future issues of our favorite maga- 
zine you will be reading about such things as ultrasonic welding, 
optimum design for brazed joints, joining dissimilar metals, welding 
beryllium ~ articles developed from ideas presented at the AEC. 
Welding Forum. 

The Editor was called upon for a few words just before adjourn- 
ment and among other things he emphasized that one of the most 
urgent problems in metal science and technology is the need to 


disseminate new information as quickly and as widely as possible. 
A specialized meeting, such as the Forum, is a rapid way of com- 
municating to those working in related technologies. However, it is 
our responsibility as editors to glean information from the technical 
sessions and make it available to engineers working in the various 
fields of the new technologies as well as to interpret the intelli- 
gence in a way that those engaged in everyday manufacturing areas 


can benefit. 

The Forum opened this year on a sad note. The late Editor-in- 
Chief of Metal Progress, Ernest Thum, was not in his usual place. 
Ernest Thum attende d these meetings with a great deal of interest 
and suppcrted Frank Davis's Forum to the fullest extent. Fittingly, 
the Forum offered its tribute: 


During the year the Atomic Energy Commission 
Welding Forum and many of us personally lost a 
faithful friend. Ernest E. Thum, Editor-in-Chief of 
Metal Progress, was truly interested in the program 
of the Forum, and with his philosophy and technical 
knowledge, added much to the worthwhile nature 
of the Forum’s activities. Therefore, be it resolved 
and published in the proceedings of this meeting 
that those present confirm once again their appre- 
ciation for the efforts put forth by Ernest Thum in 
our behalf. His life was truly worthwhile, and he 
contributed much to the search for technical truth 
to which he dedicated his life. 
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This rugged and versatile reversing 
2-high /4-high combination mill brings 
high-precision rolling of thin-gauge ferrous 
and non-ferrous strip within reach of 
the smaller re-roiling mill, metals pilot 
plant and research laboratory. Occupying 
only 35 sq. ft. of floor space and involving 
a cost of less than $20,000, the machine 
handles up to 6 in. wide strip at rolling 
speeds up to 250 ft. per min. with accu- 
rate front and back tension control. 


The new 8 in. mill is furnished with two 
sizes of 4-high work rolls, made of either 
alloy tool steel or solid tungsten carbide: 
the 1% in. size is used for normal cold re- 
duction down to 0.002 in. thickness, and 
the % in. size allows special ultra-thin 
finishing to gauges of less than 0.001 in. 
In the 4-high setup, the machine handles 
up to % in. gauge; the 2-high arrangement 
is used for the hot or cold breakdown of 
heavier materials up to 1 in. thick, but is 
also available for skin pass rolling of thin 
strip. 


The production of close-tolerance stock is 
assured by an exceptionally rugged mill 
design, employing steel! housings of 160 
sq. in. post area, super-precision needle 
roller journal bearings of 175,000 Ib. 
separating force capacity, a heavy-duty 
mill drive with herringbone gearing and 
universal joint spindles, and twin-hand- 
wheel worm drive screwdowns, The 
machine is powered by a four-speed 
reversing drive — constant horse- 
power from 40 to 250 ft. per min. rolling 
speed. 


The outstanding feature of the new ma- 
chine is its reversing strip coiling attach- 

ment allowing the two-way rolling of strip 
under tension control with no more effort 
than a mere flick of a selector switch. 
Mounted on brackets at either side of the 
mill, the two coiling shafts carry 8 in. 
diameter reels designed for a coil buildup 
of 6 in. Both shafts are driven from the 
pinion stand and are provided with dual 
air-operated slip clutches and brakes of 
ultra-sensitive, low-inertia design. Selective 
operation through solenoid valves and 
—- regulators precisely controls the 

nt and back tensions desired for any 
given mill pass. 


OMA 


MACHINE MFG. CO., INC 


114 East 32nd Str 
New York 16, N. 
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Stainless steel filters are induction brazed at Dynamic Filters, Inc., Detroit, Mich., using EASY-FLO brazing alloy and Handy 


Flux for 100% joint integrity. 


SILVER BRAZING-—the precise tool for precision fabricating 


The ability of silver brazing to serve fabricators literally 
through thick and thin is well illustrated by the experi- 
ence of Dynamic Filters, Inc. 

This firm manufactures fine filters for industrial, aircraft, 
missile, nucleor and marine use by bonding woven wire 
cloth of desired mesh to a coarser backing screen, form- 
ing and joining to required shape and attaching neces- 
sary fittings. 

Since the filters must be capable of screening out particles 
ranging down to 2 microns in size, often under heavy 
pressure, ony flaws in joint material or method would 
naturally be fatal. Dynamic Filters gets complete joint 
reliability by silver brazing with Handy & Harman EASY- 
FLO brazing alloys and Handy Flux. How do they know? 
They inspect all joints 100%. 

Equally decisive in their choice of silver brazing is its 
compatibility with both the relatively thick fittings and 


6 Circle 1876 on Page 48-B 


thin wire mesh. EASY-FLO melts quickly at relatively low 
temperatures so metal is not annealed, oxidized or other- 
wise damaged, forms a thin, molten metal film that 
penetrates into small voids and capillary spaces, then 
solidifies to form strong, neat joints requiring little or 
no finishing. 

Add to this the advantages of volume production at often 
negligible expenditure in brazing materials and you'll 
see why silver brazing is 
becoming more and more 
the favored method for 
beating fabrication costs. 
Get complete information 
—send for a copy of our 
data-packed Bulletin 20. 
It’s yours for the asking. 
Write today. 


HANDY & HARMAN 


850 Third Avenue, New York 22, N.Y. 
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Miniature Zinc Die Castings 
Offer Cost Advantage 


A miniature counter assembly weighing 
less than % oz. and with a cross section 
smaller than the area of a dime, die cast 
from a zine alloy by Hadlock & Temte, 
Inc., Chicago, won the grand prize in an 
annual competition sponsored by New 
Jersey Zinc Co. The assembly (see photo) 
consists of a two-piece housing, four 
counter wheels and five tiny gears, the 
smallest being a ten-tooth bevel gear only 
0.063 in. high. Dimensions on individual 
parts of this assembly were held to toler- 
ances of 0.001 to 0.002 in., except those 
of housing hole diameters which were 
within 0.0005 in. 

A cost saving of 91.5% per unit was 
achieved by die casting over machining 
the parts from bar stock. The assembly is a 
decimal-type counter for an elapsed time 
indicator such as are employed in digital 
computers. 

Another entry in the contest was a zinc 
die cast louver used in ventilating an air- 
craft navigation equipment case. Since it 
exhausts air in a horizontal plane and 
away from the pull of the fan intake, the 
vanes must be closely spaced. Contoured 
ribs forming 100 openings are only 0.025 
in. thick. Die casting permitted the addi- 
tion of flat vertical vanes which act as a 
radiofrequency shield, eliminating costly 
perforation of the case. A _ bevel frame 
enables snap action installation into a 
flanged hole in the case, eliminating spot 
welding or the need for any other fasten- 
ing. Fit is extremely tight and vibration- 
free. The louver was die cast at half the 
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installed cost of the previous stamping 
Still another entry was a time recording 
lock assembly made from 15 zine die cast- 
ings for 28 different door installations. The 
mounting plate on this lock assembly re- 
places six different plates previously used. 
The single plate has all the various mount- 
ing holes for different installations flashed 
over. All holes are coded with cast letter- 
ing so that only the holes needed for a 
specific installation are punched out. The 
15 different castings are made from three 
individual dies and three unit dies, result- 
ing in production economies. Very few 
secondary operations are required. 


COUNTER ASSEMBLY FOR DiciTaL COMPUTER 


Die Cast of Zinc to Close 
Tolerances With Saving of 91.5% 
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Tellurium improves 
Machinability of Steel 


Machining speeds of over 600 surface ft. per min. 
were attained in a six-spindle screw-machining 
operation on spark plug shells made from tellurium- 
bearing steel. For this operation, La Salle Steel Co. 
supplied 13/16-in. hexagonal bar stock in the cold 
finished condition. Nominal composition of this 
grade, which was developed by Inland Steel Co., 
is 0.13 C max.; 0.80 to 1.20 Mn; 0.04 to 0.09 P; 
0.40 to 0.50 S; 0.15 to 0.35 Pb; plus tellurium. 
Only a few hundredths of 1% by weight of tellu- 
rium is needed to enhance machinability of the 
steel. 

One user found that a machine part knurled, 
shaved, grooved and tapped and drilled with two 
cross holes could be produced in 62 sec. using the 
tellurium-bearing steel in contrast with 12 sec. for 
a comparable grade of leaded steel. After prelimi- 
nary tests, machine speed was increased to 618 
surface ft. per min.; feed was 0.0035 in. per revo- 
lution. This is 3’ times the machining speed of 
the standard screw-machine steel, B1112. High 
speed steel was used in the cutting tools. 


Consumable Electrode Vacuum 
Furnace With Lazy-Susan Device 


A consumable electrode vacuum arc furnace 
with “lazy-susan” type of crucible arrangement will 
be installed at Special Metals, Inc., New Hartford, 
N. Y., early in 1962. This installation, which has 
an estimated annual capacity of 4 to 8 million 
pounds, is now being constructed in Germany. The 
first of its kind in America, it has an over-all height 
of 57 ft. and will occupy about 1000 sq.ft. 

As the diagram shows, water-cooled copper cru- 
cibles are below the surface of the floor on a “lazy- 
susan” device. While one crucible is in position 
in the melting chamber, the other one is unloaded 
and a new electrode (ingot) installed ready for 
remelting. With this device, downtime between 
melts is reduced considerably because the crucibles 
are merely rotated into place. 

The company’s primary objective is to remelt 
ingots produced in the vacuum induction furnace. 
Vacuum arc remelting and pouring will be closely 
controlled to produce ingots with sound structures 
and complete homogeneity. This is important in 
ingots and billets for turbine wheel forgings. 
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Research on Copper 
Promises Improved Materials 


Some clues as to future materials which may be 
available as copper-base alloys or which will result 
from use of copper as an alloying element came to 
light last month when Dr. Charles H. Moore, tech- 
nical director, Copper Products Development 
Assoc., discussed the Association’s research pro- 
gram. The occasion was the opening of an office 
in Detroit by the Copper and Brass Research Assoc. 
to expand engineering and metallurgical services on 
copper metals to the automobile industry. Chief of 
the office is Richard D. Chapman, formerly assistant 
chief engineer, basic science research of Chrysler 
Corp., and member of A.S.M.’s Technical Council. 

Dr. Moore reported that 34 producers represent- 
ing the copper industries of Canada, Great Britain, 


CONSUMABLE ELECTRODE VACUUM ARC FURNACE 
Lazy-Susan Arrangement Will Handle Ingots 
Weighing up to 10 Tons 
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France, Italy, West Germany, Norway, Sweden, 
Denmark, South Africa, Australia, as well as the 
United States, are supporting the research effort. 
One group of studies seeks to develop tarnish-free 
surface for copper products, ultrahigh-strength 
structures and electrically insulating copper com- 
posites. Three types of surface treatment are being 
investigated to solve the tarnish problem. Two 
other studies, while not motivated by the search for 
a so-called “stainless” copper, could throw much 
light upon it. One has to do with the mechanics 
of surface reactions of copper and the other deals 
with the effect of surface dislocations on physical 
properties. 

Dr. Moore pointed out that studies on the use 
of copper as an alloying element in cast iron will 
be of significance to the automobile industry, which 
is now working to develop high-strength, thin-wall 
cast iron for engine blocks. 

The information that has evolved thus far con- 
firms what has been known for some time — that 
small additions of copper improve a number of the 
physical properties of grav cast iron. One of the 
most important is a decrease in the tendency to 
chill. This results in cast iron which conceivably 
could be used to produce thin-wall sections for 
lightweight engine blocks. These alloys would also 
have better machinability. 

Another important benefit, according to Dr. 
Moore, that can be expected from copper — per- 
haps even more important than the chill effect — is 
the corrosion resistance it is known to impart to iron 
and steel alloys when added as an alloying agent. 
Internal combustion engines that use sulfur-contain- 
ing fuels have been known to experience severe 
corrosion wear in the cylinder walls. 

Recent investigations in England have indicated 
that the silicon content of gray cast iron is an ex- 
tremely important factor in the corrosion of cylinder 
blocks where high-sulfur fuels are used. Analysis 
by the electron microprobe of a typical gray iron 
structure containing about 3% Cu and 2% Si indi- 
cates that the copper has distributed itself uni- 
formly throughout the matrix of the iron. This 
composition also exhibited improved corrosion re- 
sistance over unalloyed gray iron. 


More Zinc for Automobiles 


Automobiles will employ greater amounts of zinc 
alloys in 1962. Full size cars will have 80 lb. of 
zine die castings (the 1961 cars had 75 Ib.). The 
new compact cars will have 35 Ib. of die castings 
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Cast VALVE Bopy 


Cupola Metal Was Duplexed in an Induction 
Furnace Before Being Poured 


in contrast with 30 Ib. in the 1961 models. 

Zine will also be used in the form of galvanized 
sheet for rocker panels, quarter sections, and muf- 
fers. One car producer will apply galvanized steel 
sheet in areas of high corrosion susceptibility. In 
1954 the average car contained only 8.9 Ib. of gal- 
vanized sheet. By 1958 this had increased to 63 
lb. per car. In 1961 the compact car employing 
the unitized body used about 100 Ib. of zinc-coated 
steel. 


Induction Furnace Produces 
Cast Iron for Valve Bodies 


Shown in the accompanying photograph is a 
hydraulic valve body (before and after machining) 
cast by the Sibley Machine and Foundry Corp., 
South Bend, Ind. Before being cast, the iron re- 
ceived a special treatment — it was further proc- 
essed in a new induction furnace (designed by 
Forni Elettrici A. Tagliaferri of Milan, Italy, and 
installed by Hevi-Duty Electric Co., Watertown, 
Wis.) after the cupola melting operation. This 
treatment was needed because cupola iron ordi- 
narily has about 3.50% C and 2.50% Si. About 
5% low-carbon steel is added to the iron in the 
induction furnace. This addition dilutes the iron 
to reduce the carbon and silicon contents. Further 
details on this operation will be presented in an 
article “An Italian Induction Furnace for Cast 
Iron”, which will appear in the 10th Annual Inter- 
national Issue of Metal Progress (January 1962). 


Difficult Tungsten Shapes 
Forged Successtully 


Thin-section structural shapes in tungsten alloys 
(which melt above 6000° F.) are being forged by 
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MACHINED PART FOR AEROSPACE VEHICLE 


Large Beryllium Component, Machined to 
0.040-In. Thickness, Weighs 12.5 Lb. 


Tapco, Div. of Thompson Ramo Wooldridge, Inc., 
Cleveland. Web and rib thickness of 0.130+0.015 
in. are achieved with a surface finish of 30 micro-in. 
(rms.) and draft angles as low as 1”. 

The bar stock, prior to forging, was produced by 
extruding tungsten alloy ingots at up to 4000° F. 
in a 700-ton press designed to handle difficult metals 
at high speeds and pressures. The ingots were 
heated for forging in vacuum furnaces. High-purity 
argon atmosphere was used during heating of in- 
gots. Special extrusion die coatings were developed 
to prevent the 4000° F. ingot from melting the 
forging dies. The bar stock was forged in three 
steps. Careful control of metal flow patterns, tem- 
peratures, and lubricants enabled commercial die 
steels to withstand the repeated forging blows. 


Beryllium Corp. Dedicated 
New Plant 


The accompanying photo shows the largest piece 
of beryllium machined in such a thin section. No 
other metal could be machined to comparable 
thickness because it would flex in the process. This 
part, incidentally, was unveiled last month at the 
dedication of a new plant for fabricating beryllium 
by the Brush Beryllium Corp., Cleveland. 

This component is a prototype of a part for aero- 
space vehicles. It ranges from 53% to 63 in. in 
diameter; height is 18% in.; wall thickness is only 
(0.040 in. and the weight is a mere 12.5 Ib. 
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From Here and There 


Armco Steel Corp. announces a new work-hard- 
ening stainless steel alloy (18-9 LW) for severe 
cold heading, swaging and other cold forming ap- 
plications. Nominal composition of this alloy is 
0.10 C max.; 2.00 Mn max.; 0.045 P max.; 0.030 S 
max.; 1.00 Si max.; 17.0 to 19.00 Cr; 8.00 to 10.00 
Ni; and 3.00 to 4.00 Cu. This steel is expected to 
be used for fasteners and related parts in automo- 
tive, aircraft, missile, chemical equipment and ap- 
pliances where corrosion resistance is important. 


Recently the Pratt & Whitney Aircraft Div. of 
United Aircraft Corp. tested successfully a new 
high-strength steel rocket motor case. The case 
developed a hoop stress of 285,000 psi. with maxi- 
mum measured stress of 311,000 psi. at rupture. 


., The test program shows that high-strength rocket 


motor cases can be fabricated from steel heat 
treated to 240,000 psi. min. vield strength. 

Commercially pure cobalt with good ductility 
and workability is now supplied in coiled strip. 
Sizes available: 0.005 to 0.025-in. thicknesses and 
% to 6-in. widths. This strip, which is produced 
by Gordon Mines Ltd., Toronto, will be applicable 
where corrosion resistance, strength at high tem- 
peratures, and magnetic properties are required. 


Pullman-Standard is producing 40 railroad hop- 
per cars from aluminum plate, extrusions, and 
castings for the Louisville & Nashville Railroad. 
High-strength weldable aluminum alloy 5454 was 
chosen for plate and extruded parts. Each car 
will weigh 53,000 Ib., or 12,000 Ib. less than a com- 
parable all-steel car. 


How to Make Reliable Seam and 
Spot Welds in Renée 41 Alloy 


In the December Metal Progress, B. M. Wahlin 
and D. R. Coles of the Boeing Co. describe their 
process of making high-quality seam and spot welds 
in René 41. Precautions based on the metallurgi- 
cal behavior of the alloy must be observed. Mill-an- 
nealed sheet with fine grain structure and randomly 
dispersed carbides is preferred. The authors stress 
that postweld cooling rate and initiation and magni- 
tude of the forging force must be precisely con- 
trolled to avoid cracking. 
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PAINTITE cleans & phosphates 


... simultaneously 


* Superior cleaning 

* Used at 140°-180° F. 

* Low foaming 

* Less post rust 

* No white streaking 

* Economical and long lived 

* Uniform coating 

* Use by immersion or spray washer 
* Minimizes clean-up problems 

* Combats alkaline water conditions 


* Requires only 3 stages 


Write for free illustrated folder describing 
Paintite and the ten other Turcoat phos- 
phate and conversion coating processes. 


tite@ 


TURCO PRODUCTS, INC. 
Chemical Processing Compounds 
24600 South Main Street, Wilmington, California 


Rockdale, Ill., Houston, Wilming- 
FACTORIES: ton, London, Rotterdam, Sydney, 
Mexico City, Paris, Hamburg, Mon- 

treal, Manila, Naha (Okinawa) 


OFFICES IN ALL PRINCIPAL CITIES 


is | 
| i 


increase of of Hardness Upon Tem- 
Tungsten Stee! Because of Increase 
Temperature. Note absence of 

this phenomenon in plain carbon steel. 


1—Water-Quenching from 1470 °F. 
2—Water-Quenching from 2190 °F. 
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Rockwell Hardness - 


Carbon Steel Tungsten Steel 


1000 1200 


0 200 400 600 800 1000 1200 0 200 400 600 800 
Tempering Temperature, °F. 


meets these rigid tool steel 
requirements 


For the severest requirements of cutting tools, whether in Tungsten carbide 
or in high-speed steel, Tungsten is indispensable. There are also other im- 
portant uses in which hot-working steels and high-temperature steels owe 
their superiority to the presence of Tungsten. 

Useful qualities that can be imparted to carbon steels by the addition 
of Tungsten are greater toughness at a given hardness, greater resistance 
to corrosion at a given hardness, and better sustained hardness at high tem- 
peratures. Stability of hardness, in particular, is indicated by the chart here 
reproduced. This chart and others, with a thorough discussion of the most 
economical and most successful uses of Tungsten, will be found in a book, 
“Tungsten Steel,” which may be had on request. 

Inquiries on any contemplated use of Tungsten, Molybdenum, Rare 
Earths, Columbium, or Boron will be welcomed. 


4 


MOoOLYBDENUN 


CORPORATION OF AMERICA 
1312, Building Number 4, Gateway Center, Pittsburgh 22, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Soles Representatives: Brumley-Donaldson Co., Los Angeles, San Francisco 
Subsidiary: Cleveland-Tungsten, Inc., Cleveland 
Plants: Washington, Pa., York, Pa. 
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Frequency 


INDUCTION 
HEATING 


Lepel maintains a fully equipped 


ple 


FOR NE 
| ABORATORIES, INC 
55th ST. & 37th AVE., WOODSIDE 77, N.Y 
CHICAGO OFFICE: 6246 WEST NORTH AVE 
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Lepel induction 
Frequencies: 1 300 Ke 
‘Kw output 
"Sizes: 2¥2 Kw to 20 tput 
Sizes: 5 Kw, 10 Kw & 20 Kw outpu 
2 Ky 0 30 Kw inp 
LEPEL 
BOMBARDING 
CRYSTAL 
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Armco Zincerip Steel 


Armco Atuminizeo STEEL Type 2 


Armco Coated 


After 3-years’ exposure outdoors, paint holds tightly to 
Zinccrip A, Paintcrip (far left). No rust even where 
scratched. No rust on the unpainted sample, either (second 
from left). Samples on the right are phosphate-treated 
cold-rolled steel, one painted, the other unpainted. Paint 
This laber aS suffered. Rust is evident on the unpainted sample. 


identifies modern, - 
dependabie steels 
in your products 


Armco ALuminizeo STEEL Type | 
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1. NEW ARMCO ZINCGRIP® A, PAINTGRIP®. This new kind of hot-dip 
zinc-coated steel is specially prepared to take a paint finish that’s 
every bit as attractive as a paint finish on cold-rolled steel! It’s 
spangle-jree, holds paint tighter and longer, permits twice as 
many spot welds as ordinary galvanized before electrode tips need 
redressing. It's available now in commercial quantities. 

2. ARMCO ZINCGRIP STEEL has a tightly adherent zinc coating that 
gives products durable proi «tion at an average cost of about 
24% cents per square foot, Savings: About .92 cents per square 
foot over typical cost of painting. The door part pictured, for 
example, was previously fabricated from cold-rolled steel, then 
painted for protection. It is now made of Armco ZINCGRIP at 
a significant saving. 

3.ARMCO ALUMINIZED STEEL Type 1 means greatly increased 
service life—for mufflers and other consumer, commercial and 
industrial products menaced by heat and corrosion, Furnace, 
heater and appliance parts made from this special hot-dip alu- 


They combat corrosion, solve heat and painting problems. 


minum-coated steel won't discolor to 900 F, won’t scale under 
1250 F. Reflective parts bounce back up to 80% of radiant heat, 
remain strong. 

4. ARMCO ALUMINIZED STEEL Type 2 offers exceptional resistance to 
outdoor corrosion. In a mild industrial atmosphere, for example, 
its hot-dip aluminum coating outlasts the coating on unpainted 
commercial galvanized steel sheets 4-to-1. It reflects heat, too. 
The manufacturer of the “vanishing clothesline” casing in the 
photo cites savings of 30% in switching from aluminum to Armco 
ALUMINIZED STEEL Type 2. The reason: ALUMINIZED STEEL 
permitted reduction in metal thickness without loss of strength. 
It also assured greater resistance to damage. Ideal for construc- 
tion products exposed to the weather. 

5. ARMCO COLD-ROLLED PAINTGRIP and low painting costs go hand- 
in-hand. Over a mill-applied electrolytic zinc “flash” goes a 
paint-holding film. You simply fabricate and paint immediately. 
Sheets resist rusting in storage, take severe fabrication, 


ou? 


You Fight Costs and Competition 


Armco Division 


Armco Steel Corporation 
1901 Curtis Street, Middletown, Ohio 


SEND DATA ON 
New Armco Zinccrip A, PaintcriP 
Cj) Armco Atuminizep STEEL Type 1 
C) Armco Cold-Rolled Paintcrip 

Cj Paint Savings with Armco Zinccrip 
(C) Armco Atuminizeo STEEL Type 2 
Name 

Title 

Street 


City 


ARMCO Armco Division 
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HASTELLOY C* SILVER TITANIUM 


Working with unusual metals or alloys—as well as with standard 
metals and alloys—is almost an everyday occurrence at Cambridge. 
For instance, not too long ago, we developed the first practical method 
of weaving titanium into wire cloth—with mesh counts far higher 
than had been expected by the customer. Platinum, lead, stainless 
steel, or bronze—whatever the metal.or alloy used, Cambridge has 
the experience and facilities to produce wire cloth in any size or 
quantities to the closest tolerances. 


If you require fabrications—of any shape or size—Cambridge has the 
craftsmen and know-how to fill even the most rigid specifications. 
Or, we’ll draw up prints for your approval. There’s a wire cloth expert 
near you—ready to discuss your needs and show you 
how to get what you want economically and on time. 
He’s your Cambridge Field Engineer...and his name 
is listed in the Yellow Pages under ‘Wire Cloth.” Or, 
write for our illustrated, 120-page catalog. 


The Cambridge Wire Cloth Co. 


DEPARTMENT 8 CAMBRIDGE 11, MARYLAND 
Manufacturers of Wire Cloth, Wire Cloth Fabrications, Metal-Mesh 
TM. of Conveyor Belts and Gripper® Metal-Mesh Slings. 
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Official USAF photo 


Space-Age forgings and rings to meet the most severe con- 
ditions of temperature environment and stress? Talk to 
Standard. We have been known in the trade for more than 
a century and a half as tops in quality and service. Tie your 
requirements to the experts on “can’t be done” requirements. 


Electric furnace, vacuum degassed steel, vacuum remelted 
alloys, aluminum and titanium forgings for rockets and 
missiles—produced under the most modern technical con- 
trols—as the trade has learned to know, that’s the “specialty 
of the house” at Standard. 


if 


QUALITY CONTROL IS SECOND TO NONE AT 
STANDARD. Quality control at Standard is maintained 
by the most accurate, up-to-date testing equipment avail- 
able. Laboratory facilities operate day and night to sup- 
port our metallurgists, shop foremen, mill and machine 
operators—as well as plant management and, of course, 
our customers. 


STANDARD’S OPEN-DIE FORGINGS SUPPLY NATION’S LEAD- 
ING INDUSTRIES. Steel and nonferrous alloys can be worked in 
Standard’s forge shop, including some hard-to-work metals such as 
titanium and super alloys. It can turn out forgings from 15 to 52,000 Ib.; 
up to 45 inches in diameter; and up to 60 ft. in length. Major products 
include rotors and wheels for turbines, propeller shafts for ships, rolls 


for sugar, printing and rubber industries. 


Standard’s hundreds of customers represent every major industry in the world. Metal components 


of carbon and alloy steels, super alloys, and nonferrous alloys such as aluminum and titanium are 


supplied by Standard for an endless line of products. What particularly impresses our customers 


however, is the unique, personalized service we provide. See for yourself—bring your next problem 


to Standard. 


dustry dates back to 


STEEL CASTINGS TO VIRTUALLY ANY SPECIFICATIONS. The 
Standard foundry, one of the larger ones in the country, has turned out 
castings as light as | lb., and ranging up to 85,000 Ib. They include some 
of the largest heads ever cast for dredge cutters and also vital components 
in huge hydroelectric projects throughout the world. Standard yields to 
none in the skill of its foundry engineers, metallurgists, molders, core- 
makers and core setters. 


PIONEERS IN ROLL-FORGED RINGS .. . STANDARD. 
Standard’s craftsmanship in forming metal rings for heavy in- 


1856. The first all-forged weldless rings 


were produced in volume for the first time in 1870—at Standard. 


And much of the development work in forging weldless rings of 
high-alloy steels, aluminum and titanium has been done in 
Standard’s Ring Department. 


Standard Steel Works Division 


BALDWIN LIMA HAMILTON 
BURNHAM, PENNSYLVANIA Rings ¢ Shafts * Car wheels e Gear blanks « Flanges e Special shapes ’ 


Printed in U.S.A. 


MI-61-3 
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You pick the winner every time... 
...with Vancoram Ferrochromium Alloys! 


For gleaming stainless, rugged constructional steels, or alloy cast irons and steels, you can choose 
exactly the right chromium alloy from the complete Vancoram line. Every popular composition of 
chromium and chromium-silicon alloy is available for essentially unlimited selection to fulfill your 
particular requirements. These alloys include EXLO® (extra-low-carbon with high chromium:carbon 
ratio)... and an entire family of high-carbon chromium alloys. 

Vancoram chromium alloys always provide the absolute cleanliness and uniformity steelmakers and 
foundrymen need. Your VCA Representative will be happy to help you select the alloy compositions 
exactly right for you. Write, wire or phone your nearest VCA District Office. Vanadium Corporation 
of America, 420 Lexington Avenue, New York 17, N. Y. - Chicago - Cleveland - Detroit - Pittsburgh 


CORPORATION OF AMERICA 
Producers of alloys, metals and chemicals 


NOVEMBER 1961] Circle 1847 on Page 48-8 


j 
SS 
4, 


REPUBLIC STEEL... 


CARBON STAINLESS STAINLESS 
STEEL STEEL 


ASTM A178 
BOILER TUBES ‘CONDENSER TUBES 


TAINLESS 


@ Types 309, Full 
To J.I.C. Standards _* 3098, 310, 330 : Range of Sizes 
HYDRAULIC FLUID LINE iaieeciaciengee AIR PREHEATER TUBES 


To ASTM A-214 
HEAT EXCHANGER TUBES 


STAINLESS CARBON STAINLESS CARBON STAINLESS 
STEEL STEEL 


Thru 


6" 0.D. 
To 20° Special ha 16 Gage ing 
Periphery Smooth 1.D. To ASTM A-26 and Heavier —. Service 
SQUARE TUBES CYLINDER TUBES EVAPORATOR TUBES HOT-ROLLED TUBES SPECIAL SHAPES 


CARBON 
STEEL 


STAINLESS CARBON 
STEEL 


To 4°x6" | 22 to 10 Gage 
For Corrosion Mel or Both Structural Grade ~~ Including 4° 0.D. 4g” Thru 6” O.D. 
METALLIZED TUBES ~ POLISHED TUBES RECTANGULAR TUBES BRIGHT ANNEALED COLD ROLLED TUBES 


CARBON 
STEEL 


CARBON 
STEEL 


Stainless Full 
GROOVED Squares, Shapes Range of Sizes Schedule To ASTM A-178 | 
END TUBES POF RIGERATION TUBES LIGHTWEIGHT PIPE WATER WALL TUBES CLAD TUBES 


CARBON 
STEEL 


CARBON 
STEEL 


CARBON 
STEEL 


For 
Mechanical Use 


MANDREL DRAWN TUBE 


Technical 
Republic Spec-101 To 5° 0.0. Assistance 
STRUCTURAL TUBES MECHANICAL TUBE FABRICATED TUBES 


PROBLEM-SOLVING KNOW-HOW AND EXPERIENCE TRIM COLD FINISHED BAR COSTS. Republic's CENTURY 
have made Republic a leader in custom production SERIES offers five grades of high-strength, stress- 
of Fastener and Formed Parts "Specials." Whenever relieved, cold finished bars, each with a minimum yield 
standard fasteners can't do the job, you'll save time strength of 100,000 psi. For highly machined parts, use tT 
and money by contacting Republic. Write for data C-1144. Moderately machined parts—C-1140 or C-1151. 
on Republic design, engineering, and production For parts where machinability is a minor factor—C-1050 


services. or C-1045. Send for complete data. 


Strong, Modern, Dependable 


STEEL STEEL 
ds CARBON 
CARBON 
> 
_|FABRICATED TUBES 
ARBON STAINLESS STAINLESS STAINLESS 
EXCHANGER TUBES PIPE 
| 
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World’s Largest Producer 


of SPECIALTY 
WELDED TUBING 


Challenge us to come up with a solution to your 
toughest tubing applications. 

We will produce the best possible answer drawn 
from Republic’s full line of quality welded steel 
tubing and more than 50 years of applied engi- 
neering experience. 

This claim is made with confidence. Our cus- 
tomers regularly hand us their tubing problems, 
and the results have provided mutual satisfaction. 

Manufactured at the Steel and Tubes Division, 
Republic Tubing is welded by the ELECTRUNITE® 
process—a continuous electric weld method which 
unites the wall under pressure without foreign or 
extra metal. Among other advantages, this proc- 
ess assures uniformity of wall thickness, strength, 
ductility, and concentricity. 

Republic, the pioneer in this improved welding 
process, was also the first to provide a non- 
destructive electronic production method of 
testing tubing used for critical pressure applica- 
tions. This is known to the trade as FARROWTEST®. 

Next time you have a tubing application or 
problem, take advantage of Republic’s prompt 
delivery, engineering services, and complete range 
of carbon and stainless steels for mechanical, 
structural, and pressure uses. 

Call your nearest Steel and Tubes representa- 
tive or contact us direct. 


REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


FOR ADDED MACHINABILITY, consider Republic Cold Drawn Leaded 
Alloy Steels. Leading producers of gears use Republic Leaded Alloy 
Steel in the manufacture of heavy-duty herringbone gears. Addition of 
lead increases machinability as much as 25%. Heat treating assures 
adequate hardness and toughness. Cost-reducing Republic Alloys are 
available in almost every standard analysis and many specials. Mail 
the coupon for information. 


Check this listing of Republic Steel 
Tubing and Pipe. Which have possible 
applications in your products? 


STAINLESS STEEL 
Pressure Tubing 
Condenser Tubes 
C Pipe—Schedule 40S 
Sanitary Tubes 

C Heat Resistant 

Evaporator Tubes 
Bright Annealed 

Pipe—Lightweight 


CARBON STEEL 
Pressure Tubing 
Boiler Tubes 


Heat Exchanger 
Tubes 


(C7 Hydraulic Fluid Line 
(0 Grooved End Tubes 
Refrigerator Tubes 
Water Wall Tubes 


Schedule 10S—5S C Superheater Tubes 
Heat Exchanger Condenser Tubes 
Tubes Evaporator Tubes 


Mechanical Tubing 
0D Air Preheater 

Square Tubes 

DC Rectangular Tubes 


Special Smooth |. D. 
Hydraulic Cylinder 
Tubes 


DC Hot Rolled Tubes 

(— Cold Rolied Tubes 
0 Metallized Tubes 

CD Structural Tubes 

C— Fabricating Facilities 
Drawn Tubes 


Mechanical Tubing 
OD Aircraft Exhaust 


Special Shapes 


0 Fabricating Facilities 
Polished Tubing 
C Ornamental Tubing 


(0 Clad Tubing 
Carbon—Stainless 


Cut out and send this check 
list for descriptive literature 
on Republic Tubing and Pipe 
applicable to your products. 


REPUBLIC STEEL CORPORATION 
DEPT. MP -2158 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please also send me information on: 


© Republic Alloy Steels 
O Republic Specialty Bolts and Nuts 
0 Republic Cold Finished Carbon Steel 


Name Title. 


Company. 


Address 


Zone_____ State 
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Up Another 1000° 


Complete high iat instrumentation by 
RIEHLE “warms up” to new research challenges 


CREEP AND STRESS Now RIEHLE offers you ready-to-operate systems for testing physical 
RUPTURE TESTING MACHINES properties of materials up to 5000° F, 4000° F, 3000° F and other 


lower temperatures incorporating all of these components: 


HYDRAULIC FATIGUE 


TESTING MACHINES BASIC TESTING MACHINE 


STRAIN MEASURING INSTRUMENTATION for atmosphere, 


controlled atmosphere furnaces and vacuum furnaces. 


HYDRAULIC UNIVERSAL 
TESTING MACHINES 


COMPLETE HIGH TEMPERATURE ACCESSORIES including 


UNIVERSAL SCREW POWER “2 furnaces, temperature controllers, vacuum pumps, extensometers and 
TESTING MACHINES id a complete line of related instrumentation. 


RIEHLE is your ONE source for complete strain measuring instrumenta- 
tion from room temperature snap-on extensometers to dual range instru- 
ments and highly sophisticated vacuum furnace extensometers. 
Typical arrangement of Riehle a Save time on vital projects. Contact RIEHLE now about your require- 
Testing Machine with High Tem- ae 


perature Vacuum Furnace Console & ments for physical testing at elevated temperatures. Write Dept. MP-1161. 
for up to 5000° 
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Ultrasonics Prevent Loading 
of Grinding Wheels 


The “Cavitron Ever-Grind” unit re- 
duces excessive loading of the wheel, 
thus minimizing frequent dressing and 
downtime. Because buildup of par- 
ticles in the open abrasive structure is 


AVITRON 
ER-GRIND 


prevented, finer and harder grinding 
wheels can be used. The result is a 
finer surface finish and greater dimen- 
sional accuracy with a minimum of 
burring and work deterioration. A 
transducer vibrating at 20,000 cycles 
per sec. is attached to an aluminum 
tool positioned close to the grinding 
wheel. As coolant passes through the 
tool, thousands of bubbles explode 
(cavitation), simultaneously cleaning 
and cooling the wheel. Cavitron 
Equipment Corp. 

For further information circle No. 1630 


Pre-Alloyed Heavy 
Metal Powders 

High-density powders — containing 
tungsten, nickel and copper in any 


desired composition — are useful as 
radioactive shields and _ containers. 
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Since the absorption of x-rays or gam- 
ma is proportional to density, these 
alloys, with densities of around 17 g. 
per cu.cm., are 1% times as effective 
as lead. The product is also used for 
gyroscope rotors, balancing weights, 
vibration damping devices, and rocket 
nozzles. Compared to parts made 
from mixtures of the three separate 
powders, this material shows an ab- 
sence of hard spots, increased machin- 
ability and strength, and a more uni- 
form microstructure. Astro-Alloys. 
For further information circle No. 1631 
on literature request card, p. 48-B 


Shaker-Hearth Furnace 


A controlled atmosphere heat treat- 
ing furnace, featuring 100% forced 
convection heating of the work for 
uniform heating, is announced by 
Ipsen Industries, Inc. The unit in- 
cludes a preheat vestibule, a two-zone 
heating chamber and a conveyorized 
quench tank. Used for bright hard- 
ening, carbonitriding, and light case- 
carburizing, the furnace operates up 


to 1550° F. and has a maximum heat- 
ing capacity of 1000 Ib. per hr. With 
an automatic hopper feed, it is capa- 
ble of carrying work through preheat, 
heating and quenching without further 
attention by the operator. 

Circle No. 1632 on request card, p. 48-B 
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Operation: 


Complete automation in blast cleaning! 


Pangborn Rotoblast removes heavy sand cores 
and cleans up to 45,000 castings per shift at Neptune Meter! 


A new and completely automatic Roto- 
blast operation not only cleans castings 
in half the time, but a new special 
separation removes heavy sand cores 
as well at Neptune Meter Co., Long 
Island City. The world’s largest exclu- 
sive manufacturer of meters for liquids, 
Neptune can now handle 45,000 cast- 
ings from the molds each shift. . . with 
just two automated Rotoblast Barrels. 


No costly or time-consuming manual 
lifting, toting or weighing here! Once 
the button is pressed, the Rotoblast 
sequence starts and recycles automati- 
cally until stopped at the end of the 
shift! 


Whether your installation features 
automation or batch cleaning, Roto- 
blast cleaning efficiency can cut your 
operating and manpower costs. Flexi- 
bility of installation, ease of mainte- 
nance, durable construction——all con- 
tribute to lower overall cleaning costs. 


Write PANGBORN CORPORATION, 1800 
Pangborn Blvd., Hagerstown, Mad., 
Pangborn Canada, Ltd., 47 Shaft Road, 
Toronto (Rexdale), Canada; or phone 
district office in Yellow Pages, ‘Sand 
Blast Equipment.” Manufacturers of 
Blast Cleaning, Vibratory Finishing, 
Dust and Fume Control Equipment 
Rotoblast® Steel Shot and Grit®. 


OF HAGERSTOWN 


Circle 1850 on Page 48-B 


ROTOBLASTING 


2. Skip fills second unit with exact pre-deter- 
mined load for cleaning. 


3. Cleaned castings move on take-away con- 
veyor to next operation. 


4. Before and after Rotoblasting. Note core 
sand and rods in uncleaned piece. 
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Tube Furnace Offers 
Choice of Quenches 


The “Type RDT15-620AC20” fu 
nace has a 6-in. I.D. Inconel muffle; 
a 20-in. long heat chamber, water- 
cooled; and a maximum operating 
temperature of 2000° F. A chute be- 
tween the heat chamber and_ the 
quench permits either an oil quench 


or atmosphere cooling. Automatic 
Hame curtains at the entry and dis- 
charge doors prevent infiltration of 
air into the muffle. Lindberg Engi 
neering Co. 

For further information circle No. 1633 
on literature request card, p. 48-B 


180-Cycle Induction 
Power Source 


The “Inducto Tri-Line” frequency 
inultiplier fills the gap between con- 
ventional motor-generators and 60 
cycle line-frequency induction powe1 
sources. For production melting op 
erations as well as sintering, hot 
pressing, graphitizing, and billet 
heating, 180-cycle power offers the 
advantages of lower installation and 
maintenance costs plus improved per 
formance. Pronounced stirring de 
veloped by the unit is about 24% times 
that of comparable high-frequency in 
duction melting furnaces. Units are 
available with output capacities from 
125 to 700 kw. Inductotherm Corp. 
For further information circle No. 1634 
on literature request card, p. 48-B 


Finishing 


Automatic Finishing 
Vachines 

The “Model JC” abrasive-belt fin- 
ishing machine was featured by 
Acme Mfg. Co. at the Metal Show im 
Detroit. The equipment performs flat 
grinding, deburring and polishing op- 
erations on such parts as stampings, 
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forgings and castings. A motorized 
conveyor belt carries work under 
spring-loaded hold-down rollers and 
the abrasive belt contact wheel. Mul- 
tiple-head assemblies can be mounted 
in tandem along one long conveyor 
belt to perform progressive finishing 
operations. Features include positive 
manual or automatic belt tracking, 
micrometer grind-pressure _adjust- 
ment, and pneumatic tensioning of 
the abrasive belt. 

For further information circle No. 1635 
on literature request card, p. 48-B 


Power Spray Washer 


A swivel table washer made by 
Waukee Engineering Co. allows parts 
to be charged or discharged from 
either side at a 90° angle as well as 
to the front of the loading table. A 
locking device prevents the table from 
moving accidentally. The unit is 
available in either a single or double 
end design. Manufactured in stand 


ard sizes up to 30 by 48 by 24 in. to 
match furnace sizes, the washer fea- 
tures spray nozzles above and below 
the work, and an automatic wash- 
cycle timer which shuts off the pump 
when washing is completed. The 
equipment offers a choice of heating 
— gas, steam or electric — and auto- 
matic temperature control. 

For further information circle No. 1636 
on literature request card, p. 48-B 


FURNACE 
for H. S. Steel 


Temperatures to 2350°F (high 
enough for 18-4-1 H. S. Steels) ... 
and fast heat up! Complete atmos- 
phere compatibility (nitrogen, dis- 
sociated ammonia, endothermic) 
and quick stabilization to low dew 
points! High purity refractory... 
selected after testing 11 different 
materials! And NO MUFFLE*... 
no muffle expense . . . no muffle sag 
...no muffle replacement costs! 
That's the story of C. I. Hayes 
Model FEC Open Chamber Fur- 
nace, designed for the plant that 
wants greater control and greater 
versatility in their hardening oper- 
ations. Shifts from one steel to 
another (H.S., S.S., High Chrome/ 
High Carbon, Cold Header Stock) 


no longer constitute production 
problems. Output is clean. Secon- 
dary grinding and finishing opera- 
tions can be reduced or eliminated. 
Want facts? Write for Data Sheet 
FEC-1. C. I. Hayes, Inc., 802 Well- 
ington Ave., Cranston 10, R. I. 


*Hayes Muffle-type Furnaces are also avail- 
able, where required. 


Cc. 1. HAYES, nc. 


Established 1905 


it pays to see Hayes for metallurgical 
guidance, lab. facilities, furnaces, atmos- 
phere generators, gas and liquid dryers, 


pHayes-Master (TM) power controls, induc- 
ion generators. 


Circle 1851 on Page 48-8 
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Dir. of R&D 
a pS reports on new 
bad 
NO-MUFFLE 
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NEW THINKING 


in fe, /nstrumentation for 


X-RAY DIFFRACTOMETRY 


all new 
Picker X-ray 
Diffraction Equipment 


introduces 
What: lity operation an improve 
here's a some 


A specimen turntable with independent Omega 


A monitor-controlled x-ray generator for easy selec- 
drive to reveal anomalous orientation, thus facilitat- 


tion and confident reproducibility of exposure 


factors. 


A biplane diffractometer you can use the way you 
want to: horizontally or vertically. 


A diffractometer that supports its own x-ray tube, 
specimen and detector for locked-in alignment. 


An x-ray tube mounting that lets you adjust take- 
off angle without disturbing beam-specimen align- 
ment. 


and 


ing single crystal work. 


An x-ray tube housing with integral shutters that 
provide maximum radiation safety. 


A diffractometer with unrivalled variety of scan- 
ning modes under remote automatic control. 


ACA-approved dovetail tracks that make it easy to 
mount, align and remove cameras and accessories 


A unique SYNCHRONITOR that coordinates the whole system of components and circuitry that electron- 
ically instructs scanning, analyzing, and recording instruments how to function for each scanning mode. 


cet the full story on this remarkable new equipment 


from your local Picker representative (see ‘phone book) or 
write Picker X-Ray Corporation, White Plains, N.Y. 


if it has to do with RADIATION | it has to do with 


Circle 1852 on Page 48-B 
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Universal Polishing Heads 


In polishing irregular work shapes, 
full wheel contact may now be 
achieved with fewer heads using the 
“Model 052” unit. Overhead mount- 
ing provides easier access to the heads 
and conveyor and simplified cleanup. 
The unit, with a choice of capacities 
up to 20 hp., utilizes two fulcrums; 
this affords a more flexible movement 
of the work wheel, enabling it to fol- 
low closely an irregular shape in two 
planes. Two simple fulcrum adjust- 
ments determine the degree of 


angularity and accurately position the 
wheel. An automatic motor mounting 
adjustment keeps proper tension on 
the drive belt at all times. Murray- 
Way Corp. 

For further information circle No. 1637 


Automatically Controlled 
Rectifiers 


For high-current, low-voltage ap- 
plications such as anodizing, plating, 
and electrochemical machining, Han- 
son-Van Winkle-Munning Co. is 
offering a line of silicon rectifiers 
ranging in power from 1000 to 10,000 
amp. and 6 to 100v. Transistorized 
controls provide either current or volt- 
age stabilization for automatic control 
of rectifier output. The control can 
be made proportional to line speed, 
temperature, or other production 
variables; it also has an automatic 
current-limiting feature which pre- 
vents the unit from being overloaded 
under normal overload and short cir- 
cuit conditions. 

For further information circle No. 1638 
on literature request card, p. 48-B 
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Welding Thin-Gage Metal 


The “Model SA-200” welding sys- 
tem from Westinghouse includes a 


Welding 
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200-amp. silicon diode rectifier power 
source, a compact wire-drive system 
with a wide feed range, and a straight- 
through welding torch. The wire- 
drive system has a range of 90 to 
424 ipm. with standard gearing, and 
can be modified to provide speeds up 
to 1170 ipm. The straight-throug 

torch weighs only 22 oz. and accom- 
modates wire sizes in mild or stainless 
steel from 0.025 to 0.047 in. The 
torch, rated 100% duty cycle at 200 


amp., comes with a 15-ft. welding 
cable, gas hose and electric control 
cable. 

For further information circle No. 1639 


Short Arc Welding 


In short-arc welding, many short 
circuits per second permit deposition 
of electrode metal as tiny drops in- 
stead of the usual spray. It provides 
a uniform burnoff rate and pinpoint 
control of arc heat, producing quality 
welds on all sheet-metal thicknesses 
without burnthrough. The “Sigma 
SWM-14” unit includes a 200-amp. 
power supply with variable voltage 
and inductance controls; a 14-oz., 
200-amp. torch; and a compact wire- 
feed control unit with centrifugal 
governor. Wire sizes accommodated 
are 0.030, 0.035 and 0.045 in. Linde. 
For further information circle No. 1640 


SAVE YOU MONEY — Since we are able to work to 
lighter sections, PSC all-sheet alloy equipment costs 
you less than cast units. This light-wall construction 
saves in freight and handling time as well as in fur- 
csc nace time and fuel. Let us also save you 
by repairing your radiant tubes, 


retorts and inner covers. 
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THE PRESSED STEEL CO. Wilkes-Barre, Pa. 


RELAX! 


It won’t grow—or shrink or wear—it’s Graph-Mo®—In twelve years of use, the master tapered plug gage 
in the picture above changed less than 10 millionths of an inch. That’s stability—the kind of stability 
you get with Graph-Mo, one of the family of Timken® tool steels. MJ But stability is only part of 
the story when you use Graph-Mo. MM Users report that Graph-Mo outwears ordinary too/ stee/s three 
to one. It contains free graphite particles and diamond-hard carbides in its structure. MB And users 
cut machining time and production costs. Graph-Mo is an oil hardening steel that machines faster 
and easier than ordinary tool steels. HJ You pay no more for all these Graph-Mo advantages. It costs no more 
than ordinary oil hardening tool steels. There is only one Graph-Mo and the Timken Company 
makes it. The Timken Roller Bearing Company, Steel and 


Tube Division, Canton 6, Ohio. Makers of Tapered Roller TIMKEN FINE STEEL 
Bearings, Fine Alloy Steel and Removable Rock Bits. ALLOY 


TIMKEN GRAPHITIC STEELS ARE AVAILABLE FROM STEEL SERVICE CENTERS IN MORE THAN 40 CITIES IN THE UNITED STATES AND CANADA 


Circle 1854 on Page 48-B 


ts 
ye 
ae 


Tungsten Carbide 
Hard facing 


For hardfacing large pieces on 
which gas application is not feasible, 
use of a solid-core “Kenface KT-200” 
are rod should be considered. The 
rod is composed of a solid tungsten 
carbide core surrounded by a steel 
sheath and a coating that permits 
smooth deposition. The deposit has 
low porosity and a minimum of heat 
checking. Suitable for either bead 
or wash pass application, the rod can 


lx: applied by either a-c. or d-c. re- 
verse polarity (160 to 200 amp., 16 
to 20 v.) welding. Rockwell hardness 
of a deposit ranges from C-58 to 63. 
Coverage is 25 sq. in. per lb. of rod 
per % in. of coating thickness. Ken- 
nametal Inc. 

For further information circle No. 1641 


Multiple Spot Welding 


A power pack for high-production 
spot welding of small parts has been 
introduced by Ampower Products. 
Composed of two (or more) high- 
output, water-cooled _ transformers, 
the compact unit offers single-cycle 
operation of one or more spots in 
rapid sequence. Air-actuated timing 
controls have 100 amp. contactors 
and can operate the transformers in 
single sequence or in pairs. The 
buildup of welding tip pressure trig- 
gers the first timer, which in tum 
triggers the second one, and so on. 
Power supply required is 220 v., 60 
cycle, single phase; maximum output 
is 10 kva. per transformer. 

For further information circle No. 1642 
on literature request card, p. 48-B 


Coated Electrode 
for Aluminum Welding 


For all-position welding (direct 
current, reverse polarity) of alumi- 
num plate, sheet and castings, Air 
Reduction Sales Co. is offering a new 
aluminum electrode with an extruded 
coating (A.W.S. Grade Al-43). The 
“Airco 43” electrode operates with a 
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Specially processed wire 
for use in SHEATHED 
THERMOCOUPLE 
ASSEMBLIES 


SPECIFICATION 3G-220 


THERMOCOUPLE ALLOYS 


One good reason for the fine reliability of sheathed 
thermocouple assemblies—in heat treating and chem- 
ical processing applications, jet engines, missiles, and 
nuclear reactors—has been the development of Hoskins 
Specification 3G-220 Chromel and Alumel wire. It’s a 
special grade of material produced specifically for 
swaged, rolled or drawn sheathed unit construction. 
And all that’s required to overcome adverse effects 
of such cold-working operations on its emf properties . 
is a simple, quick heat treatment after fabrication. ( 
A brand new 36-page catalog-manual contains detailed 
technical data on this and the complete “‘family”’ of 
time-tested Chromel-Alumel thermocouple, lead-wire, 
and mechanical grade alloys. Want a copy? 


*The words “‘Chromel” and **Alumel” are registered trademarks of 


HOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue « Detroit 8, Michigan « TYler 5-2860 


in Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 


Circle 1855 on Page 48-B 
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The Porter Alloyist delivers the right alloy 
IN THE SPOTS THAT COUNT ) 
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There can be no compromise in 
metals for those tougher, tool-killing 
jobs. That’s why the Porter Alloyist 
recommends Grade D phosphor 
bronze for the rifle nut in air ham- 
mers. . . the critical part of the tool 
that absorbs hundreds of vibrations 
a minute at high impact pressure. 
Produced at a special temper, this 
alloy has the required toughness and 
durability to do the job and to help 
keep tool maintenance costs low. 


THE PORTER ALLOYIST IS 
A SPECIALIST IN A WIDE 
RANGE OF SPECIAL METALS 


Porter’s Riverside-Alloy Metal Divi- 
sion is your single reliable source for 
specialty alloys in 8 basic groups of 
wire, rod and strip . . . phosphor 
bronze, nickel silver, cupro nickel, 
brass, stainless steel, nickel, Monel 
and Inconel. 

Ask for a free copy of “‘Alloys for 
Industry” describing our wide range 
of specialty alloys. Write H. K. 
Porter Company, Inc., Riverside- 
Alloy Metal Division, Riverside, 
N.J. Or contact our sales offices in 
Hartford, Chicago, East Orange, 
Atlanta, Cleveland, Detroit, Cincin- 
nati, Los Angeles and Rochester. 


PORTER nickel wire is used extensively in 
vacuum tubes and in other components 
for the electronics industry. 


PORTER carbon steel wire reinforces 


hose for air hammers and other indus- 
trial equipment. 


RIVERSIDE-ALLOY METAL DIVISION 
H. K. PORTER COMPANY, INC. 
Circle 1856 on Page 48-8 
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quiet arc providing a dense, low- 
spatter deposit. Welds develop yield 
strengths of 28,000 psi. Airco 43 is 
available in two sizes — % in. diameter 
by 14 in. long, and 5/32 in. diameter 
by 16 in. long — and is ideal for re- 
pairing cracks, building up worn 
parts, cladding, and for production 
welding. 

For further information circle No. 1643 


Testing 


Mobile 150-Curie Unit 
Ideal for high-production radio- 


graphy of heavy sections in foundries 
and fabricating plants, the “Model 
520” cobalt unit requires an exposure 
time only 7% of that needed with a 


10-curie source. Designed for di- 
rectional inspection, it can be adapted 
for panoramic use by removing a plug 
in the source container and adding 
guide tubes. The balanced source- 
head can be swiveled downward 
(45°) from a vertical position and 
can be locked at any angle. Picker 
X-Ray Corp. 

For further information circle No. 1644 
on literature request card, p. 48-B 


Strain Gage Systems 


A comprehensive line of instru- 
mentation for strain gage, transducer, 
and calibrating systems has been in- 
troduced by Baldwin-Lima-Hamilton 
Corp. The line —to be used with 
SR-4 and related strain-gage equip- 
ment — includes precision indicators, 
digital indicators, pointer-indicators, 
circular chart recorders, universal 
digital transducer units, multipoint 
scanner recorders, switching and bal- 
ancing units, as well as manual and 
automatic null-balance digital calibra- 
tion equipment. The complete instru- 
ment line will afford single-source 
responsibility for complicated trans- 
ducer systems required for any force- 
measuring application. 

For further information circle No. 1645 


Precision Measuring Tool 


With the “Die-Wear” microscope, 
the exact amount of metal which must 
be ground away to resharpen edges 
can be quickly determined. The in- 
strument, capable of measuring die 
wear over a range of 0.020 in. to an 
accuracy of +0.0005 in., provides 


an inspection technique which in- 
creases die life and reduces produc- 
tion and maintenance costs. It can 
also be used to measure bevels, burrs, 
and fillets. Bausch & Lomb. 


For further information circle No. 1646 


Casting 


Furnace Gas Analyzer 


The “Model 1010” will analyze 
atmospheres in heat treating and an- 
nealing furnaces, in blast and open- 
hearth furnaces and in gas generators. 
The unit provides “direct-trend” re- 
cording of up to eight components, 
including hydrogen, oxygen, nitrogen, 
CO, CO,, methane, and H.O. A 
complete analysis is provided every 
5 min., and automatic standardization 
before each cycle assures utmost re- 
liability. Research and Control In- 
struments, Inc. 

For further information circle No. 1647 


+ Parts 


Wide Flange Beams 


Heat treated steel shapes have 
about three times the yield strength 
of structural carbon steel. Design 
engineers can either add this strength 
to their structures without increasing 
weight, or they can reduce the weight 
that would be required in a carbon 
steel structure to support a given 
load. Wide-flange rolled beams (6 
to 8 in.) in USS “T-1” and “T-1” 
Type A are being used in the manu- 
facture of truck trailers, crane beams, 
TV towers, and railroad cars. Heat 
treated shapes in “HY-80” armor steel 
are also utilized in submarine hulls. 
U.S. Steel Corp. 

For further information circle No. 1648 
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Vertical pit-type carburizing furnace (9’ x 24’) lined with a refractory insulating castable made with 


LUMNITE cement. Furnace temperature 1800°F. Badall Engineering & Manufacturing Co., Hammond, 
urna e Ind. Castable used: “‘Kast-O-Lite,"” product of A. P. Green Fire Brick Co., Mexico, Mo. 


heat loss Refractory insulating concrete, made with LUMNITE calcium-aluminate cement, 
is being specified for linings in many types of industrial furnaces. It helps 
trim fuel costs by reducing heat loss and increasing heat storage. This helps 
shorten heating-cooling cycles and provides closer temperature control. 
In addition, the smooth, jointless concrete surface reduces air infiltration. 


Construction with refractory concrete is fast, easy, economical. Linings can be 
cast in place, troweled or “gunited.” Service strength is reached in 24 hours. 


For convenience, manufacturers of refractories offer castables bonded with 
LUMNITE cement — packaged mixtures ready for use with just the addition of water. 
For more information, write Universal Atlas Cement, 

100 Park Avenue, New York 17, N. Y. 


“USS.” “Atias” and “‘Lumnite” are registered trademarks 


Universal Atlas Cement 
Division of 
United States Steel 


OFFICES: Albany Birmingham Bostons Chicago « Dayton+ Kansas City+ Milwaukee *Minneapolis*New Yorke Philadelphia» Pittsburgh+St. Louis» Waco 
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Now...a low-cost 
Nitride-Bonded 
Silicon Carbide! 


Now, the best-performing silicon carbide 
refractory is available at a realistic price! Brand- 
new CRYSTOLON “63” permits the use of a cost- 
saving nitride-bonded silicon carbide refractory 
for hundreds of applications. 


Produced by an exclusive Norton process, 
CRYSTOLON “63” silicon carbide provides all the 
superior properties of nitride-bonded silicon car- 
bide at a new low cost! It has high thermal 
conductivity, excellent heat shock and wear 
resistance, and good resistance to most corrosive 
liquids. In extensive tests, it not only showed 
excellent resistance to “wetting” by molten non- 
ferrous metals (aluminum, magnesium, zinc, lead 
and others) but also to fused salts, such as 
cryolite! 

CRYSTOLON ‘‘63”’ refractories can well mean a 
vast improvement in many of today’s metal melt- 
ing and transfer operations . . . new efficiency and 
economy throughout operations such as yours. Get 
complete details now! Write NORTON COMPANY, 
Refractories Division, 330 New Bond Street, 
Worcester 6, Massachusetts. 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 


75 years of 
Making better products 
...to make your products better 


NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Refractories + Electro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure Sensitive Tapes 
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How they’re using 
Wallace Barnes Cold-rolled Specialty Steels 


1. In Three Drawing Stations 


The part shown in illustration one was made from 
.59 ~ .74% carbon steel in three drawing stations. From 
.70 - 80% carbon, this piece should have four or five 
drawing stations. The piece could be made from 
.90 - 1.05% carbon, but would require seven drawing 
stations with fully annealed steel. 


2. Blanked on 45° Angle 


The stamping shown in the second illustration was 
made from .70-.80% carbon spring steel. It was 
blanked and pierced on a 45° angle, with small holes 
pierced to prevent fracture in laterforming and bending. 
It was then given severe secondary forming. The small 
tab shows “orange peel” and probable fracture would 
occur if the part were formed from .90 - 1.05% carbon. 


3. All Flanging One Operation 


Our third part is a gun stamping made from .70 - 
80% carbon with a sharp bend with the grain in one 
stroke of the press. Higher carbon will fracture due to 
its less ductile qualities. 


4. Thirteen Steps Progressive 


The fastener shown in the fourth illustration was 
made from the .59 - .74% carbon steel, the only spring 
steel which would take the bends and draws to which 
it is subjected here. All the higher carbon steels were 
rejected because they failed under the cold-work neces- 
sary to produce the two small extrusions. It took seven 
reductions to bring these extrusions within tolerance. 
There were thirteen steps total in the progressive die. 


These examples show how proper steel selection may save operations and insure 
satisfactory performance. Among the many sizes and types of Wallace Barnes 
cold-rolled specialty steels is the right one for your application. 


Wallace Barnes Steel Division 


Send for brochure illustrating various 
types of products made from Wallace 
Barnes Specialty Steels. 


Associated Spring 
Corporation 


Bristol, Connecticut 
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HOW VOICEWRITER CUTS 


DEGREASING TIME 50% 


... and cleans parts spotlessly every time 


Nearly every metal part on an Edi- 
son Voicewriter requires machining. 
“Since absolutely clean metal com- 
ponents are essential to the smooth 
operation of these fine machines,” 
says Robert Spears, Voicewriter’s 
factory superintendent, ‘we have to 
use a dependable degreasing sol- 
vent.” Nialk® TricHvLorethylene is 
the one they’ve used for years. 
“It’s stable and safe,” Mr. Spears 
says, “and certainly economical and 
efficient.” He explained that only 
one degreasing in Hooker TRICHLOR 
is necessary, while many other types 
of cleaners require two. Degreasing 
time is perhaps one-half what it 


would be with another type of cleaner. 


Even more important, according 
to Mr. Spears, is that Hooker Tri- 


411 


CHLOR removes all soils definitely. 
There are no hidden kets of dirt 
or grease to be picked up as rejects 
by inspectors or at the paint shop. 


A specific property of Hooker Tri- 
CHLOR that particularly benefits 
Voicewriter production is its unique 
neutral stabilizer system. Since vir- 


tually all the metal parts on the Voice- 
writer are aluminum, it’s important 
to see to it that the solvent doesn’t 
turn acid. Hooker TRICHLOR satifies 
that requirement particularly well 
because the stabilizer has psp—per- 
manent staying power. 

Both degreasers at the Voicewrit- 
er plant are original equipment, in- 
dicating that the use of Hooker Tri- 
CHLOR has had no deleterious effect 
on the degreasers. One degreaser has 
been in service 20 years, the other 15 
years—with no replacement needed 
or anticipated. 

Whatever your metal, whatever 
your degreasing job, you can solve 
your cleaning problem with Nialk 
TRICHLOR. See your chemical dis- 
tributor or drop us a line. Hooker ex- 
perience is yours for the asking. 


UNION STREET, NIAGARA FALLS, NEW YORK 


Sales offices: Buffalo, Chicago, Detroit, Los Angeles, New York, Niagara Falls, Philadelphia, Tacoma, Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B.C. 
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Wire inventories reduced 
by 80% and delivery time 
cut from months to days 

That’s the report of the Butcher and Hart Man- 
ufacturing Company of Altoona, Pennsylvania. 
Manufacturers of wire fasteners, Butcher and Hart 
installed a wire drawing line and a Surface con- 
tinuous annealing furnace so they could fabricate 
their own wire and insure its workability for 
drawing and cold heading operations. 

The 100 foot furnace is used to spheroidize the 


wire between drawings and control carbon for 
subsequent operations. Only two men operate the 
entire drawing and annealing line. The consistent 
and accurate system is composed of the air tight 
furnace, economical gas generation, and automatic 
control of carbon content. 

The continuous line furnace, has carburizing, 
carbonitriding, skin recovery, annealing, and sphe- 
roidizing capabilities. 

Write for information: 2377 Dorr St., Toledo 1, 
Ohio. In Canada: 2490 Bloor St., West, Toronto. 


SURFACE 


SURFACE COMBUSTION, Toledo 1, Ohio/a division of Midland-Ross Corporation VA 
Circle 1861 on Page 48-B 
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Steel 


BETHLEHEM TOOL STEEL 


Seals for jet engine starter cartridges 
blanked with Lehigh H 


The job was tricky. It involved cutting 
6-in. circles from .002 in. Mylar, a plas- 
tic material used for vapor seals in jet 
engine starter cartridge parts because of 
its high strength and resistance to tear- 
ing. Bethlehem Lehigh H tool steel was 
selected by Seymour Manufacturing Co., 
Seymour, Indiana, who designed and 
built the die for Amoco Chemicals Corp. 


The die, 


Lehigh H was a wise choice. 
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made to extremely close tolerances, 
blanked the material cleanly, and pro- 
duced nearly 140,000 pieces before slight 
redressing was required. 

Lehigh H (AISI D-2) is our easy- 
machining high-earbon, high-chrome 
grade of air-hardening tool steel. It has 
high compressive strength, deep harden- 
ability, and excellent resistance to wear. 


Lehigh H has wide range 
of metal working uses 
Because of its ideal properties, Lehigh 
H is used for blanking, forming, punch- 
ing, shearing, bending, and other tool 
and die jobs. It’s frequently used for 
rotary slitting cutters, wearing plates, 

and thread-roller dies, 

Good things happen when you put 
Lehigh H on the job. Your local Beth- 
lehem tool steel distributor can make 
prompt delivery. 

Call him today for complete details. 
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ENGINEER SAYS: 


‘‘Wear-In"’ of Tools Must 
Be Handled with Care 


1 The initial use of new 
tools is the most critical 
period of operation. For 
w example, during the “wear- 
in” period, the working 
surfaces of a drawing die 
and its mating punch may 
gall or “pick-up” portions of the metal 
being formed. This condition must be de- 
tected soon after it occurs, then removed 
promptly by hand stoning, to prevent 
further surface damage to the tools. If it 
is not detected and removed, heavy seoring 
and seizing may occur, producing not only 
short tool life but defective parts as well. 
Obviously, the use of an effective lubri- 
cant will decrease “wear-in” problems, but 
even the best lubrication practice may not 
be sufficient protection on many opera- 
tions. For example, a combination of tools 
and lubricant which performs well in proc- 
essing soft steel may be troublesome in 
working stainless stock. Close attention 
to such tools during “wear-in” will delay 
the “wear-out” period, 


1. 


Air-4 Tool Steel Machines with Ease. 


Bethlehem Air-4 is a medium-alloy tool 
steel which hardens in air at 1550 F. It 
has excellent free-machining characteris- 
ties, due to a carefully controlled addition 
of lead. Air-4 


resistanee, toughness, and deep-hardening 


also has plenty of wear- 


properties. It can also be heat-treated 
without running any danger of cracking. 
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HEATING or MELTING 


LARGE VOLUMES 


of METAL? 


NEW TRI-LINE*180-Cycle Static Frequency Multipliers 


extend induction power to a wider range of applications — often at lower cost. 


If your production involves large-scale heating or melt- 
ing, it will pay you to investigate the cost and perform- 
ance advantages of Inducto Tri-Line 180-Cycle Static 
Frequency Multipliers. These medium-frequency units 
fill the gap between Inductotherm high-frequency and 
Inductotherm Linemelt low-frequency heating and 
melting equipment. In a wide range of melting, sinter- 
ing, hot-pressing and graphitizing applications, they 
offer some unusual economies. 


MEET CHANGING LOAD CONDITIONS. The Tri-Line’s spe- 
cial transformers and controls, produce 180-cycle current 
from a balanced 60-cycle, 3-phase input with remarkable 
flexibility of output to meet changing load conditions. 


SUPERIOR STIRRING—INCREASED PENETRATION. Tri-Line 
units generate stirring forces about 214 times those of 
comparable high-frequency induction melting furnaces. 
You can now maintain the proper amount of stirring in 
large furnaces to assist in formulating many alloys con- 
taining metals of widely varying densities. Also, the 
increased penetration of 180-cycle power assures im- 
proved performance in heating relatively large diam- 
eter billets and dies. 


*Trademark 


CONVENIENT, SAFE OPERATION. Overloads cause no dam- 
age. Simple, virtually automatic operation is quickly 
learned by unskilled personnel. 


GET FULL DETAILS. Inducto Tri-Line Multipliers are 
available with Kw output capacities, furnaces, heating 
coils and accessories to suit any medium-frequency ap- 
plication. For full information regarding efficiencies 
and economies in your particular job, ask to have an 
Inducto Field Engineer call. 


Inductotherm Corp., 10 Indel Avenue, Rancocas, N. J. 


STEEL SHELL FURNACES, 
available with any Tri-Line 
installation, offer significant 
improvements in rigidity and 
vibration resistance to 
greatly prolong lining life. 
In the illustration, pure 
nickel is being poured from 
a 5,000 pound steel shell 
furnace powered by a 500 
Kw Inducto Tri-Line installa- 
tion at Seaway Nickel Corp., 
N. Tonawanda, N. Y. 


INDUCTOTHERM 


Subsidiary for 60-cycle melting equipment—iINDUCTOTHERM LINEMELT CORP. 
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Steel 


1651. Free-Machining Stainless 


Universal Cyclops Steel Corp. has pub- 
lished brochure “Uniloy 303MA” which 
tells of increased production and higher 
quality of parts machined from this alloy. 


1652. Chb-Treated Steel 


Columbium-treated carbon steel cuts 
deadweight 10% in most applications. 
Available in yields strengths from 45,000 
to 60,000 psi. From Great Lakes Steel Div. 


1653. Steel Design 


Four papers which discuss advances 
in strength levels and design —— 
of constructional steels, have been pub- 
lished in a 59-p. brochure, “New Concepts 
in Steel Design and Engineering”. U.S. 
Steel Corp. 


1654. Alloy Steels 
Bethlehem Steel Co. will send “Quick 


Facts About Alloy Steels”, a fundamental 
treatment of ferrous metallurgy. 


1655. Steel Springs 


Sandvik Steel, Inc. has information on 
line of steel springs which give extraor- 
dinary fatigue life. 


1656. Nickel Steels 


When you design, order, or use heavily 
stressed machine components, consider 
nickel allo oy steels. International Nickel 
Co. has helpful engineering data. 


1657. PH Stainless Steels 


These steels offer adequate strength and 
better corrosion resistance than the hard- 
enable grades of chromium stainless. De- 
tails from Republic Steel Corp. 


1658. Cryogenic Service 
27-p. booklet “Steels for the Contain- 


ment of Liquefied Gas” has been issued 
by International Nickel Co. 


1659. Strip Mill Products 


80-p. reference book spells out the 
basic information needed to intelligently 
understand and order strip steel, spring 
steel, shim steel, electrogalvanized strip 
steel and flat wire products. Mill Strip 
Products Co. 

1660. Stainless Steel Wire 

Brochure published by American Steel 
and Wire Div. tells how stainless steel 
wire is produced; includes application 
and mechanical property data. 


1661. Spring Steels 

You can get spring steels in wider 
widths and in any thickness from Udde- 
holm Co. Catalog-stock list available. 
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METAL 


Nonferrous 
1662. Platinum Metals 


Platinum metals have a superior com- 
bination of properties — resistance to hi 
temperatures, exceptional resistance and 
catalytic action. Bulletin P-6 tells the 
story. J. Bishop & Co. 


1663. Tin-Lined Copper 


Composite tube combines corrosion re- 
sistance and malleability of tin with the 
strength and ductility of omen. Infor- 
mation about uses of tin in . industry 
contained in brochure prepared by Ma- 
layan Tin Bureau. 


1664, Specialty Alloys 

Leaflet “Alloys for Industry” describes 
wide range of specialty alloys, including 
phosphor bronze, nickel silver, cupro- 
nickel, brass, stainless steel, nickel, Monel 
and Inconel in wire, rod and strip. River- 
side-Alloy Div. 


1665. Stock Catalog 


290 pages of stock information on non- 
ferrous and stainless steel mill products. 
Latest government and society ifica- 
tions included. Data from Meier Brass & 
Aluminum Co, 


1666. Rare-Earth Metals 


The Lunex Co. will send pamphlet de- 
scribing the properties of high-purity 
rare-earth metals including lanthanum, 
yttrium and gadolinium. 


1667. Conductivity Rating 


8-p. bulletin provides a rapid check list 
for electrical conductivity ratings of 56 
copper alloys. Bridgeport Brass Co. 


1668. Gadolinium Metal 

Data sheet from Nuclear Corp. of Amer- 
ica p electrical, magnetic 
and mechanical property information on 
gadolinium. 


1669. Ultra-Pure Metals 


Union Carbide Metals Co. will send 
pamphlet discussing columbium, tantalum 
and vanadium ingots made by a new 
vacuum process — electron beam melting. 


1670. Impact Extrusions 


Engineering manual No. FM-3019 dis- 
cusses impact extrusions in aluminum, 
copper and steel alloys. Mueller Brass Co. 


1671. Aluminum Casting Alloy 


Bulletin 103R5, entitled “Tenzaloy, 
Self-Aging Aluminum Casting Alloy” has 
been prepared by Federated Metals Div. 
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PROGRESS MOVES FORWARD! CAPACITY MORE THAN DOUBLED! 
NEW 30° CONSUMABLE ELECTRODE FURNACE JOINS 20” UNIT. 


horizons 


Anp supporting this technology is the know- 
how and experience of Latrobe Steel Company in 
specialty steel making ... and its new, dynamic 
Vac-Arc, furnaces keeping pace with tomorrow’s 
fast moving developments. 


Through modern vacuum melting techniques, 
these specially-engineered furnaces are creating 
high temperature and high strength alloys to new 
standards. 


At Latrobe Steel . . . progress has the green 
light. If you have a problem in alloy 


application, we are anxious to help 
you. Latrobe Steel Company, @~ 
‘Latrobe, Pennsylvania. Metolmosters 


ey Made by ... skilled American labor 
LATROBE STEELS 
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1672. Brass Castings 


Folder from Titan Metal Mfg. Co. de- 
tails the advantages of pressure die cast- 
ings in brass — strong, wear resistant and 
corrosion resistant. 


1673. Ti-8Al-1Mo-1V Alloy 


12-p. data memorandum outlines forg- 
ing and heat treat procedures for the 
alloy and includes discussion of creep 
stability and fatigue properties. Titanium 
Metals Corp. of America. 


1674. Impact Extrusions 


Alcoa has published a 34-page brochure 
on impact extrusions entitl “Metal in 
Motion” whick details applications and 
savings possible. 


1675. Literature Surveys 


The Cobalt Information Center has lit- 
erature surveys on cobalt-nickel coatings 
and cobalt-nickel alloy properties. 


1676. Selection Chart 


Seymour Manufacturing Co. is offering 
an “Alloy Selection Chart” for nickel sil- 
ver, phosphor bronze, brass, copper, and 
stainless steel. 


1677. Phosphor Bronze 


Publication B-38 details the advantages 
of “Duraflex” phosphor bronze. Finer 
rain structure provides improved fatigue 
ife, better formability and corrosion re- 
sistance. Anaconda American Brass Co. 


xe Materials 


1678. High-Temperature Data 


68-p. booklet covers 23 high-tempera- 
ture alloys and includes data on proper- 
ties and performance as well as alloy 
selection and fabrication information. 
Carpenter Steel Co. 


1679. “Powder Metallurgy” 


Quarterly publication of the Metal 
Powder Industries Federation (spring- 
summer 1960) features case histories of 
electrical applications for powder metal- 
lurgy parts. 

1680. Rene 41 

René 41 is the most dependable alloy 
in use today in the 1200 to 1800° F. range. 
Bulletin No. 86 from Cannon-Muskegon 


1681. Pyrolytic Graphite 

General Electric will send details on 
pyrolytic graphite which exhibits high 
strength at temperatures up to 5000° F. 
and excellent thermal and electrical con- 
ductivity. 
1682. Refractories 

Norton Co. has published information 
on refractories, ingluding magnesium 
oxide, zirconia, silicon carbide, titanium 
diboride, as well as other carbides, ni- 
trides and borides. 


1683. Protection Tubes 


Folder from Morganite Inc. contains 
data on impervious mullite pyrometer 
protection tubes as well as combustion 
and furnace tu 


1684, Sintered Molybdenum 


Sylvania Electric Products, Inc. has the 
full story on molybdenum sintered prod- 
ucts for many severe high-temperature 
applications. 


1685. Ceramic Tubes 


Ceramic protection tubes for vacuum 
furnace muffle tubes and radiant heat 
treating furnace tubes come in diameters 
up to 10 in. and length up to 72 in.; tem- 
peratures up to 3000° F. Information from 
McDanel Porcelain Co. 
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1650. Grinding Stresses 


81-p. booklet “Grinding 
Stresses: Cause, Effect, and Con- 
trol” is a collection of articles 
based on research sponsored by 


the Grinding Wheel Institute and 
the Abrasive Grain Assoc. at 
Mellon Institute. The booklet 
proves that fatigue strength is 
not affected appreciably by most 
normal grinding operations. It is 
shown that grinding can actually 
improve the fatigue strength of a 
part under certain conditions. 
Grinding Wheel Institute. 


1686. Stress-Corrosion Cracking 


12-p. booklet from Haynes Stellite Co. 
presents information on the properties 
and corrosion resistance of Hastelloy F. 


1687. High-Temperature Bearings 


Booklet issued by Timken Roller Bear- 
ing Co. discusses three new alloy steels 
for parts that must withstand rolling 
contact at temperatures up to 1000° F. 


1688. For 2000° F. Service 


Electro-Alloys Div. has published bulle- 
tin covering “Supertherm”, a 26% Cr, 
35% Ni alloy for service in the range 
1800 to 2300° F. 


1689. Corrosion-Resistant 
Equipment 
Bulletin issued by Heil Process Equip- 
ment Corp. describes company’s line of 
corrosion-resistant equipment, including 
fume scrubbers, ducts and stacks, fans, 
tanks and heat exchangers. 


1690. High-Temperature Alloy 


High strength and hardness from —423 
to 1500° F., resistance to oxidation and 
corrosion, and low creep and relaxation 
rates combine to make Inconel “X” (In- 
conel alloy X-750) a superior material for 
many applications. Bulletin T-38 from 
Huntington Alloy Products Div. 
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1691. Ceramic Coatings 


Norton Co. has prepared booklet de:+ 
scribing “Rokide” coating process for pro- 
tecting vital parts and equipment against 
temperatures up to °F. and against 
abrasion, erosion and corrosion. 


1692. Hard Carbide Alloys 


outline “Properties of Kenna- 
metal” contains detailed description of 
“Kennametal” and “Kentanium” — physi- 
cal and mechanical properties as well as 
suggestions for design. Kennametal Inc. 


1693. High-Temperature Coatings 


Insulative coatings for the protection of 
missile and rocket equipment are dis- 
cussed in Brochure No. 500-61 from Swed- 
low Inc. 


1694. Alumina Ceramics 


Diamonite Products Mfg. Co. has pub- 
lished “Standards of the Alumina Ceramic 
Manufacturers Association” which con- 
tains data on percep design, purchas- 
ing, and use of alumina ceramic materials 


1695. Advanced Materials 


Carborundum’s 8-p. pamphlet “Materi- 
als for Advanced Technology” is a data- 
packed roundup of 12 new products for 
applications involving resistance to abra- 
sion, chemicals, corrosion, nuclear radia- 
tion or high temperatures. 


1696. Superalloy Forgings 


Brochure on_ superalloy forgings ~ 
Waspaloy, René 41, Keieler. Udimet 500 
and M-252. Wyman-Gordon Co. 


1697. High-Alloy Castings 


Brochure from Fahralloy Co. describes 
stainless and high-temperature alloy pre- 
cision shell molded or centrifugal —? 
in sizes ranging from an ounce to 3000 |! 


Nuclear 
! 
1698. Nuclear Fuels 


8-p. brochure, GEA-6762B, entitle}! 
“General Electric Nuclear Fuel” reviews 
design experience and quality contro! 
techniques in fabricating rod-type nuclear 
fuel elements. General Electric Co. 


J] Tooling 


1700. High-Energy Rate Forming 


“Dynapak” metalworking equipment is 
used in forging, extruding metals 
compaction equipment to reduce produc- 
tion costs, improve metal properties and 
reduce waste. Information from Genera! 
Dynamics. 


1701. Forging Presses 


Bulletin 75C from Ajax Mfg. Co. covers 
line of fast operating, well aligned forg- 
ing presses — built with a solid steel frame 
in sizes from 300 to 8000-ton capacity. 


1702. Colloidal Dispersions 

Acheson Colloids Co. has issued a leaf- 
let discussing the capabilities of “Aqua- 
dag” colloidal dispersions in many indus- 
trial applications. 
1703. Composite Powders 

Booklet “Metal and Composite Pow- 
ders” from Sherritt Gordon Mines Ltd. 


discusses clad powders containing metal 
or nonmetal cores. 


1704. Drawing Lubricant 


Bulletin 26 from Swift & Co. describes 
“Fleximet S”, a multipurpose metallic- 
base lubricant for dry drawing and hot 
dip dry-film coating operations. 
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SYLVANIA BLAZES NEW TRAILS IN REFRACTORY METALS 


REMARKABLE NEW PROCESS 


... opens way for you to solve critical high-temperature design problems 


At 5500°F. cobalt runs like water. Nickel boils. Zinc 
vaporizes. But tungsten remains solid. 

To make this property pay off for you, Sylvania recently 
put to work its new isostatic pressing and sintering 
operation. Through this operation, it can produce tung- 
sten or molybdenum ingots up to 10” in diameter and up 
to 4 feet long. Sylvania now produces all four — billets 
and ingots for forging, electrodes for are casting, blanks 
for machining, or machined blanks ready for your use. 


Perhaps you’ve never considered refractory metals as the 
answer to your needs. But the same properties that solve 
the problems of throat inserts for rockets and missiles can 
pay you dividends in piercing points, boring bars, dies, 
tools and in countless other ways. 

Want more facts? Or experienced technical help in prov- 
ing out your special ideas? Just write Chemical & 
Metallurgical Division, Sylvania Electric Products Inc., 


Towanda, Pennsylvania. 
/ 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS es) 
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1705. Tool Steel Heat Treatment 


Bethlehem Steel Co. has complete de- 
tails on short cycle hardening and ni- 
triding of high-carbon, high chromium 
tool steels. 


1706. Tool Steel Guide 


A “Steelector” booklet from Allegheny 
Ludlum gives complete data on line of 
tool steels . . . mechanical property and 
heat treating information included. 


1707. Tool Catalog 


480-p. Tool Catalog No. 27 presents a 
complete display of the Starrett Co. line 
of more than 3500 items. 


1708. Graphite Lubricants 


“Grapho” colloidal gratis reduces die 
wear, prevents sticking, gives better 


metal flow and faster production of alu- 

minum extrusions. klet “Biggest 

ae of Protection” from Grafo Colloids 
orp. 


1710. Thermocouples 


48 pages of profitable information is 
contained in the “Ceramo” thermocouple 
Catalog No. TC-16. Thermo Electric Co. 


1711. Fluidized Bed Units 


Flyer issued by Alexander Saunders & 

Co. details the advantages of a fluidized 

unit in many heat processing 
operations, 


1712. Crystal Growing 


Process Data Sheet 660(1) will bring 
you information on precise temperature 
controls for growing metal crystals. Leeds 
& Northrup. 


1713. Thermocouple Components 


Catalog G100-3 illustrates line of ther- 
mocouple components — wires, insulators, 
protecting tubes, heads, blocks, connectors 
and miscellaneous components. Minneap- 
olis Honeywell. 


1714. Temperature Crayons 


Tempil Corp. will send pamphlet dis- 
cussing “Tempilstik” crayons available in 
temperature ratings from 100 to 2500° F 


1715. Isothermal Quench 


Bulletin 700 from Ajax Electric Co. de- 
scribes “Ajax Cataract’ quench which 
provides uniformity, accuracy and re- 
producibility as well as freedom from 
cracks, distortion and surface defects. 


1716. Thermocouple Alloys 


36-p. catalog-manual contains detailed 
data on Specification 3G-220-thermocouple 
alloy as well as the complete family of 
Chromel-Alumel thermocouple, _lead- 
wire, and mechanical grade _ alloys. 
Hoskins Mfg. Co. 


1717. Heat Treating Ovens 


Bulletin 157 from Young Brothers Co. 
discusses accurate, dependable heat treat- 
ing ovens built for process requirements 
up to 1000° F. 


1718. Heat Treating Equipment 


The bellows effect of the sturdy but 
lightweight corrugated design absorbs 
thermal stresses as no other construction 
can do. Catalog No. 61 from Stanwood 
Corp. 


1719. Gas Alloying 


Brochure from Lee Wilson Engineering 
Co. details the advantages of the open 
coil process of gas alloying to produce 
better, more uniform high-strength steels. 
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1720. Straight-Line Furnaces 


For critical heat treating with precise 
and flexible control, “SNX Series” fur- 
naces are useful for sintering, brazing and 
other heat in the 
range 1300 to 2900°F. Pamphlet from 
Pereny Equipment Co. 


1721. Induction Heaters 


Brochure from The Ohio Crankshaft Co. 
reviews “Toccotron” radio-frequency in- 
duction heating equipment from 5 to 300- 
kw. output. 


1722. Gas Carburizing 


Surface Combustion Div. has released 
leaflet presenting data on the “Allicase” 
furnace for treating a variety of small 
parts in a carbon-controlled atmosphere, 
automatically adjusted. 


1723. Heat Treating Furnaces 


Bulletin 219 from Johnston Mfg. Co. 
presents the facts on batch-type heat 
treating furnaces — bottom charged, con- 
trolled atmosphere, automatic quench. 


1724. Muffle Tube Furnaces 


The Electric Furnace Co. has prepared 
a brochure which discusses fuel-fired, 
hump-type wire mesh belt furnaces for 
bright annealing of stainless steel and 
alloy parts. 


1725. Indicating Controller 


The “Sensitrol” pyrometer instrument 
has an accuracy of 0.5% of full scale and 
a sensitivity of 0.1%. Data from Weston 
Instruments Div. 


1726. Sintering Furnaces 


Harper Electric Furnace Corp. has re- 
leased Bulletin MSF-361 illustrating line 
of mesh belt furnaces for sintering fer- 
rous parts. 


1727. Quench Oil Coolers 


Bell & Gossett Co. has prepared com- 
bined catalog and simplified selection 
manual for “Hydro-Flo” self-contained 
quench oil coolers. 


1728. Optical Pyrometers 


Solve high-temperature measurement 
problems beyond the scope of conven- 
tional pyrometers with “Pyro-650”, a fully 
automatic optical brightness pyrometer. 
Bulletin No. 614 from Instrument De- 
velopment Laboratories, Inc. 


1729. Induction Heating Equipment 


“Ther-Monic” manufactures complete 
range of induction heating equipment 
(electronic, low-frequency, motor-gen- 
erator) for hardening, brazing, forging. 
annealing, me!ting and sintering. Induc- 
tion Heating Corp. 


1730. Refrigeration Cabinets 


Equipment from Revco Inc. produces 
temperatures to —140° F. for research and 
testing applications. Folder “Selecting a 
Low-Temperature Cabinet”. 


1731. Gas Burners 


“Buzzer” burners need no _ blowers, 
power or other auxiliary equipment to 
effect combustion; simply connect it to 
the available gas supply. Data from 
Charles A. Hones Inc. 


1732. Heat Exchangers 


Bulletins 120, 124 and 132 describe the 
“Aero” heat exchanger for controlling 
the temperature of your quench bath. 
Niagara Blower Co. 


1733. Induction Heating 


High-frequency induction heating 
equipment is a practical and efficient 
source of heat for industrial applications 
such as annealing of stainless parts and 
many brazing operations. Lepel High Fre- 
quency Laboratories. 
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1734. Pyrometers 

Pamphlet issued by The Bristol Co. de- 
scribes complete line of rmocouples 
and pyrometer accessories. 


1735. Furnace Tubes 


The Pressed Steel Co. has released 
brochure setting forth the advantages of 
all-sheet construction for furnace tubes. 


1736. Temperature Control 


Dependable automatic control of tem- 
peratures (from —100 to 3000°F.) in in- 
dustrial furnaces is obtained with the 
“Pyrotroller”. Pamphlet from Alnor In- 
strument Co. 


1737. Heat Treat Salts 

Eliminate scaling and decarburization 
in heat treating without special atmos- 
pheres — throu the use of “Aeroheat” 
salt baths. Pamphlet from American 
Cyanamid Co. 


1738. Optical Pyrometer 

Instantly measures temperatures of 
minute spots and fast moving objects; 
ranges: 1400 to 7500°F. Catalog No. 85 
from Pyrometer Instrument Co. 


1739. Quenching Oils 
Texaco has prepared interesting booklet 


entitled “Fundamentals of Quenching 
and Hardening”. 


1740. Industrial Furnaces 


Exclusive “Thermoshell” heating units 
assure rapid heating and better heat dis- 
tribution in furnaces made by Cooley 
Electric Mfg. Corp. Catalog available. 


1741. Temperature Indicators 


The Markal Co. will send you literature 
covering the “Thermomelt” line of tem- 
perature crayons; accurate to within 1%. 


1742. Program Control 


When temperature uniformity is a 
must, reproduce your heat treating cycles 
with new master-slave program control. 
Brochure from Leeds and Northrup. 


1743. Plugs and Jacks 


“Quick-Konnect” plug assemblies pro- 
vide fast, foolproof connections of r- 
mocouples to extension wires to instru- 
ments. Specification Sheet FS 005-3 from 
Minneapolis-Honeywell. 


1744. Heat Treating Costs 


General Electric Co. will send you Bul- 
letin GER-1751 telling how to prepare 
an economic study of your heat process- 
ing operations. 


1745. Thermocouple Assemblies 


Catalog G100-1 summarizes data on over 
100 complete thermocouple assemblies, 
available in a range wide enough to cover 
most applications in any industry. Min- 
neapolis-Honeywell. 


1746. Quenching Hints 


E. F. Houghton & Co. will send booklet, 
“Houghton on Quenching”, which ana- 
lyzes quenching problems and recom- 
mends optimum quenches. 


1747. Semiconductor Production 


“The Way to Better Semiconductor 
Production”, a 20-p. booklet issued by 
Lindberg Engineering Co. illustrates 
equipment for the precise control of semi- 
conductor production. 


1748. Thermocouple Materials 


10-p. cotalng details the processes used 
to produce “Tempak” thermocouple ma- 
terials and presents specifications on 
metal-sheathed, ceramic-insulated wire. 
Temptron, Inc. 
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Sintered metal gears, cams, special 
purpose filters and structural mem- 
bers from iron, nickel, stainless steel, 
brass and copper alloys are produced 
by Mueller for practically every seg- 
ment of American industry. What- 
ever your product requirements are, 
the Mueller Sintered Metal Products 
Division is completely equipped to 
supply you with precision parts to 
exact specifications at substantial 
savings. In addition, the engineering 
staff, machining and finishing facili- 
ties of Mueller Brass Co. are an 
important plus value when you 


MUELLER iT! 


MUELLER CAN MAKE MOST ANYTHING 
‘SINTERED METAL PRODUCTS... 
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1749. Thermal Fatigue 


Electro-Alloys Div. has published “The 
a of Thermal Fatigue”, by H. S. 
very. 


1750. Fluidized Bed Heat Treating 


4-p. Bulletin GED-4306 describes flu- 
idized bed heat treating equipment for 
annealing, normalizing, solutioning, aging, 
hardening, quenching and_ isothermal 
transforming. Up to 85% reduction in 
heating time. General Electric Co. 


Finishing 


752. Gold Plating 


The “Autronex” acid gold plating 
process permits compliance with the rigid 
ABMA-428 specification for a hard, bright 
coat of gold alloy, 100 to 150 millionths in. 
thick covering circuit conductors. Litera- 
ture from Sel-Rex Corp. 


1753. Metal Finishing 


Handbook from R. O. Hull & Co. gives 
you complete details on technical meth- 
ods practiced by hundreds of leading 
platers to increase output and improve 
quality at lower cost. 


1754. Electrocleaning of Copper 


Bulletin F-9355 describes “Oakite 191” 
a compound used in electrocleaning brass 
and other copper alloys — with speed and 
without tarnish. Oakite Products, Inc. 


1755. Deep Etching 


“Metal-Etch Resist” speeds up and 
simplifies deep etch and weight reduction 
as well as parts manufacture. Pamphlet 
P-36 from Eastman Kodak Co. 


1756. Mutual Chromic Acid 


80-p. bulletin “Chromium Chemicals” 
discusses mutual chromic acid and the 
“Mutual” line of chromium chemicals. 
Solvay Process Div. 

1757. Lapping Compound 

Long, sharp “spikes” that gouge do 
not belong in diamond lapping com- 
pounds. Get details in bulletin from 
Wheel Trueing Tool Co. 


Welding 


1759. Hi-Temp Brazing Alloys 


In brazing honeycombs, selection of 
brazing alloy is at least as important as 
the metals to be brazed. Brochure from 
G.E.’s Metallurgical Products Dept. tells 
about brazing alloys, effective to 1800° F. 


1760. Micro-Wire Welding 


Bulletin DM-159 describes the “Model 
1259” micro-wire welder for joining sheet 
metal, using CO, or argon gas shielding. 
Hobart Bros. Co. 


1761. Electron Beam Welding 


To learn more about electron beam 
welding, send for pamphlet issued by 
Sciaky Bros., Inc. Low voltage and rede- 
signed chamber eliminate x-ray hazards. 


1762. Silver Brazing 


Pamphlet No. 20 from Handy & Harman 
gives a good picture of silver brazing and 
its benefits, and includes details on alloys, 
heating methods, joint design and pro- 
duction techniques. 


1763. Welding Mild Steel 


20-p. brochure tells how to weld mild 
and low-alloy steels and includes specifi- 
cations. operating characteristics, me- 
chanical properties and applications. The 
McKay Co. 
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1764. Welding Wires 


Catalog F-1486 from Linde Co. describes 
“Oxweld” electric welding wires and rods. 


1765. E-B Welding 


Brochure explains ‘“Hamilton-Zeiss” 
electron beam welding and cutting ma- 
chines used in processing many of today’s 
ar iv. 


1766. Rectifier Welders 


“Gold Star SRH-444” rectifier-type d-c. 
welders offer speed, versatility and econ- 
omy never feasible with motor-generator 
sets. Brochure from Miller Electric Mfg. 


1767. Plasma Spraying 


Folder entitled “Plasma Bond Spraying 
Service” describes applications and fab- 
rication techniques for metallic-ceramic 
coatings. Thermal Dynamics Corp. 


1768. Plasma Coating 


12-p. booklet illustrates the plasma coat- 
ing process, and presents properties and 
uses of coatings. Plasmatech Div. 


1769. Adhesive Specifications 


Minnesota Mining and Mfg. Co. has 
published 54-p. compilation listing U.S. 
Government specifications for adhesives, 
coatings and sealers. 


1770. Welding Alloy Wall Chart 


Welding, brazing and soldering alloys 
and fluxes are rapidly selected according 
to the base metal to be joined. All-State 
Welding Alloys Co. 


1771. Electron Beam Welder 


The “Mark VI” electron beam welder 
makes ogo what has previously been 
impossible in welding and brazing of 
refractory and reactive metals. Data from 
Alloyd Electronics Corp. 


Testing 


1773. Cathodic Vacuum Etching 


Folder prepared by Nuclear Materials 
and Equipment Corp. describes the 
“Model 4 CVE” cathodic vacuum etcher 
for developing the microstructure of 
metals, ceramics, and cermets for exami- 
nation by optical or electron microscope. 


1774. Ultrasonic Inspection 


Ultrasonics, Inc. will send brochure dis- 
cussing the capabilities of modern ultra- 
sonic inspection systems. 


1775. Microhardness Tester 


The William J. Hacker Co. has pub- 
lished reprint entitled “A Contribution 
to the Practical Application of the Micro- 
hardness Tester’, by L. Willing, Vienna. 


1776. “The Laboratory” 


32-p. journal features new developments 
in instruments, apparatus, lab furniture, 


reagent chemicals, and methodology. 
Fisher Scientific Co. 
1777. “Edgegraphing” 


16-p. data sheet explains Edgegraphing, 
a new technique for hand analysis of 
complex engineering data in 10, 20, or 
more variables. Statistical Engineering 
Institute. 


1778. Testing of Metals 
Ten-page Bulletin M-2 from Instron 


Engineering Corp. covers all fields of pre- 
cision metals testing. 


1779. Research Metallographs 


Information on important features and 
conveniences built into the “Model MM5” 
micrometallograph is available from 
E. Leitz, Inc. 


LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals ... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN .. . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS. . 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as Castings. 


MUELLER HAS THE METALS .. . and 
the materials . . . to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to mect 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you're making 
missiles or mowers ...and no matter 
where you’re located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 


PORT HURON 28, MICHIGAN 
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Ys . is Hydrogen Purifier removes all impurities (including Sj 

BRAZING ALLOYS AND FLUXES , ; oxygen, nitrogen, argon, water vapor, hydrocarbons, 

Select a brazing alloy “tailored” to your precise re- : etc.) from hydrogen gas streams. Produces hydrogen 

quirements from the complete line of Silvaloy Low Tem- ; of highest purity obtainable from dissociated ammonia, 

perature silver brazing alloys and fluxes. Silvaloy bond : steam reformed natural gas or propane, commercial : 

is as strong or stronger than the metals joined... avail- hydrogen purchased in cylinders and other hydrogen ai 

able in wire, coil, strip, plymetal or preformed shape : containing gas streams. No trace of impurities detect- 

most convenient and economical for your production : able in purified gas. Ultra-pure product hydrogen 

procedure. « Silvaloy is used by the country’s leading : obtained at lowest cost. « Available in standard sizes: 

manufacturers to speed and simplify production, to as- 100 c.c. per hour, 20 SCFH, 75 SCFH, and 150 SCFH. % 

sure highest quality work, at lowest cost. Write for : Larger sizes custom built to requirements. Write for 

literature. literature. 


AMERICAN PLATINUM & SILVER DIVISION INDUSTRIAL EQUIPMENT DIVISION 
231 N. J. RAILROAD AVENUE * NEWARK, N. J. 


GAS 
113 ASTOR STREET * NEWARK, N. J. 


EcUTIVE 
ASTOR STREET NEWARK 


SALES OFFICES: CHICAGO + DALLAS + DETROIT + 
HOUSTON + LOS ANGELES + NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 


ROLLED STOCK TO = .001 INCH DIMENSIONS set 


New Makepeace development produces contoured = Please send literature as indicated below, : ; 
strip stock with cross sections formed of one or more 
curved surfaces to tolerances as close as + .001”—with 

temper fully controlled. Finishes down to 8 micro-inches : s 
maintained . . . blending of multiple radii accomplished : [ High Diffusion Purifier [] Contour Rolled Stock 

with minimum varation. Extremely intricate angles and : 

combinations rolled into rod, wire, tubing and sheet. ; (] Silver Brazing Alloys and Fluxes 


Any cold-workable material suited to process, i.e., alu- 
minum, copper-base alloys, stainless steels, waspalloy, 
titanium, cobalt-nickel alloys, inconel and monel. : TITLE 
Contoured stock parts ideal for machinery, appli- , 
ances, engines and fittings. 


D. E. MAKEPEACE DIVISION 
PINE & DUNHAM STREET * ATTLEBORO, MASS. : CITY ee STATE 
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1780. Electrolytic Polisher 


The only instrument which permits 
constant observation of the on re 
ess. Complete information may ob- 
tained from Ercona Corp. 


1781. Metallurgical Microscopes 


Catalog No. 2-T from Unitron Instru- 
ment Co. discusses wide range of metal- 
lurgical microscopes for every type of 
metallurgical application. 


1782. Electron Microscope 


_Literature from RCA tells about versa- 
tility and adaptability of the “Model 
EMU-3” electron microscope. 


1783. Universal Testing Machine 


The “Model ULH-60” universal testing 
machine, with a capacity of 60,000 lb., ac- 
commodates all test specimens within a 
single — space; loading rate 0 to 3 
in. per min. Information from Budd. 


1784. Fatigue Testing Machine 


Bulletin RF-2-61 explains “Riehle-Los” 
hydraulically actuated fatigue testing ma- 
chine — complete with specifications, ac- 
cessories and hydraulic flow charts. 
Riehle Testing Machines. 


1785. Metallographic Equipment 


Bausch & Lomb metallographs help in- 
dustry boost output and maintain quality 
by providing detailed magnified images 
—visual or photographic—for routine 
work in advanced research. Catalog E-240. 


1786. Hardness Testing Equipment 


Two flyers prepared by Advance In- 
dustries, Inc. discuss a portable hardness 
tester, which electromagnetically attaches 
to material to be tested; and a horizontal 
hardness tester designed for accuracy, 
utility and convenience. 


1787. Automatic Test Machine 


The “TM-1 Autodynamic” elevated- 
temperature test machine is a fully auto- 
matic, servo-ccntrolled universal testing 
machine which measures and records 
modulus, yield, ultimate strength, and 
other mechanical properties of materials. 
Details from Marquardt Corp. 


1788. Sheet Metal Tester 


Now a complete sheet metal testin 
facility is contained in one bench mode 
machine. This is discussed in Bulletin 62 
from Tinius Olsen Testing Machine Co. 


Casting 


1809. Nodular Iron 


Solve your tough testing problems with 
“Meehanite” nodular iron. brochure 
No. B-47-A from Meehanite Metal Corp. 


1810. Industrial Mixers 


Mixing Equipment Co. will send details 
on “Lightnin” mixer for a wide range of 
industrial mixing applications. 


1811. Polymers for Core Oil 


Booklet published by Velsicol Chemi- 
cal Corp. tells how polymers and core 
oils produce cores of greater strength 
and uniformity and how faster baking 
speeds may be obtained. 


1812. Gas Generator 


4-p. Bulletin GED-4307A explains how 
“Hydralene” gas peeeaeres provide a 
steady source of high-purity hydrogen 
gas with material cost about 10% of cylin- 
der gas. General Electric Co. 


1813. Bulk Supply Systems 


24-p. Booklet N-155 from National Cyl- 
inder Gas Div. outlines bulk supply sys- 
tems for gaseous and liquid oxygen, nitro- 
gen, and argon. 


NOVEMBER 1961 


1821. Maintenance and Repair 


16-p. booklet ponies by LaSalle Steel 
Co. offers helpful solutions to the prob- 
lems of getting machinery repaired and 
back into production fast, and at mini- 
mum cost. 


Parts 


1829. Decimal Chart 


A decimal equivalent chart designed 
for quick conversion of Birmingham wire 
gages and fractions to decimais is avail- 
able from Ohio Seamless Tube Div. 


1830. Metal-Mesh Belts 


The Cambridge Wire Cloth Co. has re- 
leased 130-p. reference manual which il- 
lustrates line of metal-mesh belts. 


1831. Special Steels and Alloys 


Booklet “Products for the Design Engi- 
neer” contains a useful stainless steel se- 
lector chart and information on high- 
strength steels, titanium, electrical steels, 
vacuum arc-meited steels and other high- 
performance metals. Republic Steel Corp. 


1832. Special Stainless Shapes 

G. O. Carlson Inc. has published book- 
let “Producing Stainless Steels . . . Ex- 
clusively,” which describes facilities and 
products. 
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Aluminum motor housing BEFORE 
Vibratory Finishing 


Amazing, how inexpensive complex finishing can be! 


In some cases, the Pangborn Vibra- 
tory Finishing Machine has reduced 
finishing time by over 90%. You 
know what this means in time and 
labor savings alone. Especially since 
this machine tackles complex finish- 
ing assignments with the same ease 
and speed as simple ones. 

Its uses are amazing, too. It de- 
scales, deburrs, burnishes, radiuses, 
fine-finishes. It handles a wide vari- 
ety of materials . . . metals, plastics 
and ceramics. And this machine 
tackles complex and difficult jobs 
impossible or impractical to do by 
other methods . . . and does them 
quickly and economically. 

The exclusive air-cushioning sys- 
tem built into every Pangborn Vi- 
bratory Finishing Machine provides 
better and closer amplitude control 
and offers automatic adjustment for 


any weight load. Air-cushioned floor 
mounts eliminate any transmitted 
vibration. No special foundations 
are necessary. Variable speed con- 
trols available on all models. Auto- 
mated and auxiliary equipment, 
media, compounds for every need, 
Send parts with exact finish specifi- 
cations or finished specimen for 
sample processing in our laboratory 
to Mr. William Brandt at: 

PANGBORN CoRPORATION, 1800 Pangborn 
Blvd., Hagerstown, Md., Pangborn Canada, 
Ltd., 47 Shaft Rd., Toronto (Rexdale), Can- 
ada— Manufacturers of Vibratory Finishing, 


Blast Cleaning, Dust and Fume Control Equip- 
ment; Rotoblast® Steel Shot and Grit®. 


OF HAGERSTOWN 
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SIZE CHANGE— 
INCHES / INCH 


56 60 62 64 6.4 


GREEN DENSITY—G/CC 


Better dimensional control, with economy 
... When you use A.W. Iron Powder 


Little differences in the carbon additive to A.W. Iron The curves shown above indicate the range of dimen- 
Powder can make big savings in your plant. sional change obtainable with various types of carbon. 
The cost of all these grades is almost identical. 


By use of different types of carbon additives, in iron- 


f copper-carbon mixes, a broad range of dimensional con- The Alan Wood 50-ton-a-day direct reduction plant, 

; trol can be achieved. This provides not only greater backed by years of metallurgical research, offers you 
latitude in design specifications, but prolongs the serv- the most advanced technology in Iron Pewder. Make 
ice life of your dies. Together, these advantages result Alan Wood your ron Powder headquarters for depend- 
in closer tolerances for your molded parts at reduced able uniformity and delivery, as well as technical ad- 
production costs. visory service. 


ALAN WOOD STEEL COMPANY 


CONSHOHOCKEN, PA. 


IN F ORMATION Please send me A.W. Technical Data Bulletin #3, which gives additional 


details on copper-carbon additives. 


| 

IRON POWDER DIVISION : | 
NAME AND TITLE | 

ALAN WOOD STEEL | COMPANY ! 
| 

| 


COMPANY 


Conshohocken, Pa. 


ADDRESS 
CITY ZONE STATE 


AMERICAN STEELMASTERS FOR 135 YEARS | 
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To hit the exact qualities you want... 
you need a choice of quenching oils 


You can get by with just one 
quenching oil. But you can’t al- 
ways get the best results... not 
when you measure quality to a 
fine degree. Very often, you need 
a choice. 

Sun makes quenching oils to 
reduce cooler-maintenance costs... 
oils with high antidecomposition 
qualities...oils for fast-quench- 
ing operations .. . oils for mar- 


quenching...and other “‘specials.” 

See your Sun representative for 
help in evaluating your quenching 
needs. He’ll show you how to save 
money while maintaining quality 
... the best economy of all. 

Sun Or Company, Philadel- 
phia 3, Pa. Departrent MP-11. 
In Canada: Sun Vil Company 
Limited, Toronto and 


Montreal. 


MAKERS OF FAMOUS CUSTOM-BLENDED BLUE SUNOCO GASOLINES 
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KNOW YOUR ALLOY STEELS... 
This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the infor- 
mation is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


How Alloy Steels 


Respond to Induction Hardening 


In the induction-hardening process, 
steel is first heated above the trans- 
formation range by means of elec- 
trical induction, then quenched as 
required. Special equipment is 
needed, and heat is developed as 
follows: 

High-frequency alternating cur- 
rent passes through a coil or induc- 
tor, with the result that a magnetic 
field is created in the coil. When the 
piece to be treated is placed in this 
field, it is heated rapidly by induced 
energy. With the various types of 
induction-heating equipment, the 
process is capable of surface- or 
-ase-hardening to various controlled 
depths; however, through-harden- 
ing can be obtained with certain 
alloy steels. Ferrous metals that 
respond well to induction hardening 
include numerous grades of both 
alloy and carbon steels, as well as 
hardenable stainless steel and plain 
or alloyed cast iron. 

As a rule, when alloy steels which 
contain non-carbide-forming ele- 
ments, such as nickel, are heated 
by induction, the usual hardening 
temperatures can be used. But with 
alloy steels that do contain carbide- 
forming elements such as chromium, 
molybdenum, and vanadium, the 
hardening temperature must be 
increased if the normal effect of the 
alloying elements is desired. 

Hardness obtained by the induc- 
tion process is a function of the 
carbon content and prior structure, 
just as it is when conventional 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


BETHLEHEM STEEL 
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heating methods are used. Never- 
theless, higher surface-hardness 
values for a given carbon content 
have often been noted in parts sub- 
jected to surface induction-harden- 
ing. The extra hardness may be as 
much as five Rockwell C points for 
steels of 0.30 pct carbon. 

As pointed out previously, the 
induction method requires special 
equipment. However, it possesses 
several marked advantages, includ- 
ing speed of heating and cleanliness 
of operation. Pieces heated by in- 
duction are usually subject to a 
minimum of scaling and distortion. 
Moreover, induction-hardening 
equipment is very compact and 
therefore conserves floor space. 

If you would care to know more 
about the induction hardening of 
alloy steels, please communicate 
with our technical staff. Bethlehem 
metallurgists have made a thorough 
study of the subject, including the 
many details of quenching and 
tempering. Call them if they can 
help you in any way. And remem- 
ber, too, that Bethlehem makes the 
full range of AISI standard grades, 
as well as special-analysis steels and 
all carbon grades. 


This series of alloy steel advertise- 
ments 1s now available as a compact 
booklet, ‘‘Quick Facts about Alloy 
Steels.” If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. | 


for Strength 


Economy 


Versatility 


Export Sales: Bethlehem Steel Export Corporation 
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THE 
AMERICAN SOCIETY 
FOR METALS AND 
METAL PROGRESS SERVES 
33,000 MEMBER READERS 
IN 11 MAJOR AREAS 
OF THE METAL INDUSTRY 


215 WAYNE STREET 
ST. JOSEPH, MICHIGAN 


METAL PROGRESS 
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The ASM is the communications center for technical information 
wherever metals are produced, pr d, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering maga- 
zine of the Society, reports on engineering developments in 


these 11 major technological areas: 


FERROUS METALS 
NONFERROUS METALS 


HEAT- AND CORROSION-RESISTANT AND 
ELECTRICAL MATERIALS 


RADIATION AND NUCLEAR MATERIALS & EQUIPMENT 


TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT 


215 WAYNE STREET 
ST. JOSEPH, MICHIGAN 


INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES 


CLEANING AND FINISHING EQUIPMENT AND SUPPLIES 


METAL PROGRESS 


WELDING AND JOINING EQUIPMENT AND SUPPLIES 


INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES 


Postage will be paid by 


PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS 


READER SERVICE DEPARTMENT 
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Catalogs and bulletins, new products and serv- 
ices and most advertisements in Metal Progress 
are numbered. To receive more information, 


circle the appropriate numbers on one of these 


postage paid cards. Editorial reprints will be 


sent free as long as they last. 


literature, conveniently indexed under the 11 major 


scrutinized and up-to-date list of manufacturers’ 
Engineering Areas. 


Catalogs and Bulletins are available from a 


More Facts on Advertised Products. Because some 
advertisements cannot be numbered, please write 
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OMIMOTION 3HL 4O GNIS 


the names of those advertisers in the blanks 


New Products and Services are numbered. Circle 


the postcard for more information. 


Reprints of Articles are yours for the asking as 


long as they last. No need to clip your Metal 
Progress issue for reference filing; send for reprints. 


Please Include Your Name and Address! 


38012014 
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Binocular inverted Model BMEC with camera , 


Monocular Inverted Model $399. Monocular Metallograph $1195. 
-@Polaroid Land Camera attachment available) . Model MMU....... Polaroid Land Camera attachment. 


UNITRON’S Complete Laboratory Installation for High- 
Temperature Metallography with Metallograph and HVC-3 
Control and Power Station. 


Model DMR Depth-Measuring Rollscope for examination of : 
large or cylindrical surfaces $445. ed 


i UNITRON’S Research Installation for High-Temperature 
4 Microscopy, Desk Model HM 


(Write for price and complete specifications) 


Stereoscopic Model Stereoscopic Model MSM with — 


Stereoscopic Model 
MSHL with revolving Pillar Stand for Stereoscopic Filar Micrometer Micrometer 
Eyepiece. . $69.50 


UNI TRON |S YOUR COMPLETE SOURCE FOR MICROSCOPES UN/ITRO 


to meet every metallurgical application . . . from low-power macro to high-power micro exami- INSTRUMENT COMPANY + MICROSCOPE SALES N 
nations, right on through to advanced research in high temperature studies of the new metals 6 NEEDHAM ST. « NEWION HIGHLANDS €1. MASS 
in the space age. And when it’s time to balance your equipment budget against your needs, 


UNITRON prices will be among the best news of all. 


TRY AU/N/ TRON IN YOUR LAB ...*REE, FOR 10 DAYS 


[0 | want a FREE 10-day trial of Model....... wweees 
[-] Send me your catalog No. 2-V 


A salesman's demonstration gives you only about 30 minutes to examine a microscope . . NAME DEPT. 
hardly the best conditions for a critical appraisal. But, UNITRON’S Free 10-Day Trial allows nm 

you to use the microscope in your own lab and put it through its paces on your own particular ae 4 

problem. Use the coupon to ask for a no-obligation, prepaid trial. And if you want more details ADDRESS 

on these and other UNITRON Microscopes, use the coupon to request a complete catalog. Titv STATE 
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If METALLURGY is your field, UNITRON is your microscope | 
Toolmakers and Metallurgical Microscope Model for 
3-dimensional measuring. $1050. { 
:  HHS-3 Vacuum Long Working Dis- Goniometer 
“Heating Stage for tance Objective Eyeviece 
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LIGHT WEIGHT 


STRENGTH + 
That's the Beauty of 


& Machine Co., Cordele, Georgia 


Portable Scrap Compressor, 
manufactured by Harris Foundry 


steel are used in 
this Model PSC-375 


} 
Bad 


STRENGTH + LIGHT WEIGHT OF 


HIGH-STRENGTH STEEL SOLVES 
PORTABLE SCRAP COMPRESSOR PROBLEM 


This unique portable scrap compressor can squeeze an entire auto body into a 21” x 36” x 24” 

bale of 20% dense steel scrap, using a ram pressure of 375 tons. Designed to be hauled from 

job to job by a conventional truck-tractor, it goes to work in outlying wrecking yards, 
compressing bulky scrap into marketable bales that can be shipped economically. 


Because it must be moved over the highway and meet established load limits, a press- 

ing problem in designing the PSC-375 was weight. Mild carbon steel with the re- 

quired strength would weigh too much. N-A-XTRA high-strength steel solved the 

problem. It fully met all strength and fabrication requirements, yet kept total 
unit weight within acceptable limits for portability. 


Portability may not be the controlling factor in your product—but the same 
steel that solved this problem is the one to remember when only the strongest 
steel will do. Pound for pound, N-A-XTRA steels are nearly three times 
stronger than mild carbon steel. Rugged conditions, heavy loads and weight- 
saving construction—in such applications, for example, as heavy machinery 
and pressure vessels—are challenges that N-A-X TRA is designed to meet. 


With excellent weldability, formability, and toughness even at subnormal 
temperatures, N-A-XTRA low carbon, extra strength alloy steels give 
superior results with conventional fabricating methods, including cold 
forming, gas cutting, shearing and machining. N-A-X TRA high-strength 
steels are available in four levels of minimum yield strength, from 80,000 
to 110,000 psi, and in sizes ranging from 1%” to 1” thick, up to 72” wide 
and up to 35’ long. For further iniernaties, write Product Development, 
Dept. MP-12, Great Lakes Steel Corp., Detroit 29, Michigan. 
DESIGN NOTE: Model PSC-375, Portable Scrap Compressor, uses N-A-XTRA 100 
(minimum yield strength, 100,000 psi) in te and tank mounts, bed and side ribbing, 


arm housings and end housing. Sizes—4 » 8”, %" and 1” thick. Fabrication followed 
standard gas cutting and welding procedures. 


NAXTRA 


HIGH-STRENGTH STEELS 


a product of 


GREAT LAKES STEEL 


Detroit 29, Michigan 
N-A-XTRA STEELS ARE AVAILABLE AT THESE STEEL SERVICE CENTERS 


Benedict-Miller, Inc. Joseph Demsey Co. Ducommun Metals & Supply Co. 
Lyndhurst, New Jersey Cleveland, Ohio Los Angeles, California 


Interstate Steel Co. Lockhart Iron & Steel Co. Marsh Steel & Aluminum Co. 
Des Plaines, Illinois Pittsburgh, Pennsylvania Kansas City, Missouri 


O’Neal Steel, Inc. Salt Lake Hardware Co. — A. C. Leslie & Company, Ltd. 
Birmingham, Alabama Salt Lake City, Utah Montreal, Canada 


Great Lakes Stee/l is a Division of NATIONAL STEEL CORPORATION 
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NEW BUDD ULH-60 
UNIVERSAL TESTING MACHINE 


In one machine, Budd combines electronic measuring 
and a single testing space for tension and compression 
testing. Net result: The utmost in precision, conven- 
ience and testing speed. The ULH-60, with a capacity 
of 60,000 lb., accommodates all test specimens within 
a single testing space ...and affords loading at con- 
trolled rates from 0 to 3 inches per minute. 

The weighing and load indicating system of the 
ULH-60 includes three bonded strain gage load cells 
and a 24-inch servo-operated illuminated dial. Five 
standard ranges, with individual zero adjustments, are 


provided. Ranges can be changed while testing. Two- 
unit construction lets you position the press section and 
the control console to suit your needs, or to combine 
them into a single unit that fits into less than ten 
square feet of floor space. No foundations or supports 
are required. 

Specifications and details on all the features of the 
new ULH-60 are yours on request. Or we’ll be glad to 
help you evaluate your needs and show you how Budd’s 
broad line of high-performance universal and specialized 
machines can make your testing dollar go further. 


test Better with Budd 


wsTRUMENTS 
owision 


THE BUDD COMPANY : P.o. Box 245 + Phoenixville, Pa. 
Consult your phone book for sales offices in: Atlanta, Ga.; Chicago, IIl.; 

Dallas, Texas; Detroit, Mich.; Los Angeles, Calif.; Seattle, Wash. 

In Canada: Budd Instruments, Ltd., 170 Donway West, Don Mills, Ont. 
Other Countries: Budd S.A., 10 Avenue de la Grand Armée, Paris 17°, France 
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ANACONDA COLD-HEADING WIRE 


i= 
take a new look _ 
at the way you're 


making these parts... 


Cold-heading and upsetting operations require 
specific qualities in wire to obtain the optimum 
in quality and the most favorable unit cost. 

Anaconda Cold-Heading Wire has those 
qualities . . . a greater range of alloys . . . a wider 
range of finer characteristics to satisfy almost 
any requirement for a cold-headed part. These 
include corrosion resistance, toughness, tensile 
and fatigue strengths, electrical conductivity, 
and good color matching with other metals. 

And to further improve the qualities of 
sanaconda Cold-Heading Wire, new fabricating 
methods have been developed to produce wire 
with a superfine-grain structure and greatly im- 
proved physical and mechanical properties. To- 
day these new manufacturing methods can be 
applied to both brass and phosphor bronze wire. 

Certainly it will pay you to take a new look 
at the way you are making these parts. Among 
the many alloys available in cold-heading wire 
form, Anaconda alone has Formbrite*, Dura- 
flex*, and Everdur”. 

Publication B-33 gives complete details. Write 
for your copy—or call on our Metallurgical 
Department to help you with your problems. 
Anaconda has specialists in this field to help 
you at any time. See your Anaconda representa- 
tive, or write: Anaconda American Brass Co., 
Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ontario. 


61-1149 


COPPER AND COPPER ALLOY 
COLD-HEADING WIRE 


products of 


AMERICAN BRASS COMPANY 
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get boxed 


Keep your steel operations flexible by removing all 
uncertainties about oxygen supply with an Airco tonnage 
oxygen plant. A plant we build and operate for you — 
on or adjacent to your site — gives you assurance of 
supply that only an experienced oxygen producer like 


Airco can guarantee. 
GUARANTEED BACK-UP. Your oxygen plant is backed 
up by Airco's nationwide network of oxygen plants. 


oxygen supply problems... 


If the plant is down for any reason, Airco will keep 
your oxygen flowing from its integrated system. If you 
need more oxygen than originally anticipated, Airco 
will supply whatever quantities you require. And you 
won't be boxed in with a rigid purchase arrangement 
that can't be adjusted to steel production. 

PROVEN TECHNOLOGY. Making oxygen — like mak- 
ing steel — is a specialized business. Airco has 45 years’ 
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let Airco build and operate plant for you 


experience in low-temperature technology .. . design, vided by Ajirco’s large resources and long experience. 


engineering and construction proficiency that has dotted For the full oxygen story, write, wire or phone today. 
the country with oxygen plants — including the first 
on-site oxygen plant for steel. There's no first-plant 


: guesswork . . . late starts . . . long debugging periods 
i that ruin your production schedules. 


® 
: ASSURED LOW COST. Your oxygen is available fast Au R REDUCTION 


... ata firm, fair price that reflects the economies pro- iso cast 42nd STREET - NEW YORK 17, NEW YORK 
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NEW 15-MINUTE X-RAY°OF AN ALLOY means stict HicHER Quatity... 
STILL FASTER SERVICE FROM C-M. HERE'S THE RESULT OF A GREAT NEW ADVANCE IN QUALITY CONTROL — A COMPLETE 
ALLOY ANALYSIS ON PRINTED TAPE OBTAINED WITH THE UNIQUE NEW X-RAY SPECTROGRAPHIC PROCESS, THIS NEW METHOD 
BENEFITS YOU TWO IMPORTANT WAYS: FIRST, IT MAKES ALLOY ANALYSIS MORE ACCURATE THAN EVER BEFORE... WHICH 
MEANS ADDED CERTAINTY THAT YOUR ALLOYS ADHERE RIGIDLY TO QUALITY SPECIFICATIONS. ALSO, THIS NEW X-RAY PROCESS 


MAKES THE COMPLETE ANALYSIS IN JUST 15 MINUTES INSTEAD OF 3 DAYS. TOTAL RESULT: STILL HIGHER QUALITY, BETTER 


SERVICE, FASTER DELIVERY. A POST CARD BRINGS FULL INFORMATION. 


CANNON-MUSKEGON CORPORATION 


METALLURGICAL SPECIALISTS © 2879 LINCOLN AVENUE ® MUSKEGON, MICHIGAN 
PRODUCERS OF IRON, NICKEL AND COBALT ALLOYS: SHEET. WIRE, BAR, FORGINGS, INGOTS, SHOT 
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ROTARY RETORT AND RECIPROCATING HEARTH 
for all small parts heat treating 


Mode! 136-M6D 
_ Medium size rotary furnace for the most economical hest 
treating of parts that can be subjected to a gentie tumbling 
(approximately r.p.m.). 


Capacities to 800 Ibs. per hour. Processing pieces from .010” to 1” thickness and up 
to 10” in length. Automatic continuous feeding reduces direct labor costs drastically! 
Clean hardening, ammonia-gas case hardening, light case carburizing of steel parts, 
etc., are accomplished equally well WITHOUT ANY MODIFICATION OF THE FURNACE. 

The muffles and retorts are, in reality, radiant tubes WITHIN which the work and atmos- 
phere gas is contained. Zoned combustion systems uniformly heat these muffle tubes 
from the outside to the desired temperature in each work zone. Control is precise, re- 
sults uniform. 


New catalog of entire AGF line of equipment and acces- 
sories now available... Write for your copy today. 


AMERICAN GAS FURNACE CO. 


LAFAYETTE STREET — ELIZABETH 4, N. J. 
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| choose the versatile best... | 
4 wa Tumbling insures uniform hesting and atmos- 3 
Medium size Shaker Hearth Furnace for the widest range of | 
each work piece conveys it individually through the heat == 
57 


This mark telis you a product is made of modern, dependable Steel. 
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You can increase your steelmaking effi- 
ciency and get better steel in the bargain 
with a Heroult Electric Arc Furnace. 
Here’s why: Heroult Furnaces heat fast 
— make more melts per day. Heroult 
Furnaces lower costs through high yields 
per heat and small scrap losses in charg- 
ing. And, Heroult Furnaces improve steel 
quality by reducing sulfur and phosphor- 
ous content. 

If you’re looking for performance, effi- 
ciency, economy and low-cost mainte- 
nance, consider these features: 

1. Heroult Furnaces are 100% mechan- 
ically operated. Including (A) heavy 
rack-and-pinion-type tilting mechanism, 
(B) motor-driven, rotating, jib-type roof 
swing, (C) winch-operated, water-cooled, 
jib-type door-lift mechanism, and (D) 
high-speed, electro-mechanical electrode- 
positioning mechanism. 

2. Cage-type shell construction with 
shell plates loosely attached (E) to heavy 
supporting structure. This construction 
minimizes shell warping and allows easy 
replacement of damaged shell plates. 

3. Operating mechanism independently 
supported. The tilting platform on which 
all operating mechanisms are supported 
is attached directly to the rockers inde- 
pendent of the shell structure (F). Thus, 
operating mechanisms are unaffected by 
shell distortion. 

4. Water-cooled, Skew Back Roof ring. 
This feature (H) eliminates the need for 
special skew-shaped roof refractories. 

5. Electrode Mast Safety Device. This 
spring-loaded, rack-and-pawl-type device 
(1) provides positive protection against 
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with Heroult Electric Furnace 


General Offices: 525 William Penn Place, Pittsburgh, Pa. Contracting Offices in: Ambridge + Atlanta + Baltimore - 
Cleveland - Dallas - Denver + Detroit - Elmira + Gary + Harrisburg, Pa. + Houston + Los Angeles * Memphis + Minneapolis + New York * Orange, 
Texas - Philadelphia + Pittsburgh + Portland, Ore. - Roanoke + St.Louis + San Francisco * Trenton + United States Steel Export Company, New York 


damage resulting from electrode winch 
cable breakage. 
6. Square-section, Water-Cooled Elec- 
trode Mast Arms. This design (J) guar- 
antees a rigid connection between mast 
and mast arm, thus helping to maintain 
proper electrode position. 
7. Remote-Controlled Electrode Clamps. 
This device, of the spring-clamp, air- 
release type, is located inside of the rear 
section of the water-cooled mast arm 
where heat cannot affect it. 
8. Square-Sectioned Electrode Mast. 
This design feature (K) developed by 
American Bridge, assures proper guiding 
and electrode positioning. 
9. Rockers. The heavy fabricated steel 
curved top and bottom rockers (G) min- 
imize forward travel during tilting. 
These rockers are designed so that the 
furnace will tend to return to horizontal 
position from any degree of tilt. 
American Bridge constructs Heroult 
Furnaces for all types of arc melting, 
in charge capacities from 6,000 lbs. to 
400,000 lbs. with shell sizes ranging from 
seven feet up. They are equipped with 
roof-removing mechanism for fast top 
charging. They can be furnished with a 
non-magnetic shell bottom section to 
accommodate induction-stirring equip- 
ment. Gantry-type top-charge furnaces, 
door-charge furnaces and special fur- 
naces for duplexing and non-ferrous melt- 
ing are also available. Your crew can 
easily maintain a Heroult Furnace. Check 
American Bridge’s complete design, con- 
struction and installation service. 


USS is a registered trademark 


Birmingham + Boston + Chicago - Cincinnati 


American Bridge 
Division of 
United States Steel 
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FOCUS ON 


all your Metallurgical Microscope needs 


Now, there is a quality Elgeet-O_ympus inverted 
metallurgical microscope to do every job . . . from 
production line inspection to complex research projects. 
Elgeet . . . a new standard of quality, the most remark- 
able value on the market today. 


Model ME 
Inverted metallurgical and biological microscope com- 
plete with all optical equipment. $556.00 


Model PMF 

Metallurgical research microscope of the inverted “‘Le 
Chatelier” type, providing bright field, phase contrast, 
and polarized light illumination . . . all in one instru- 


ment. Complete with all optical equipment, built-in 
P Model PMF 


camera, and swivel base mount. $2,465.00 


WRITE DEPT. M-11 @ 10 DAY FREE TRIAL @ 


IMMEDIATE DELIVERY 


| 
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Elgeet OPTICAL CO., INC... .scie AND APPARATUS DIVISION) 

Duality our watchword... Precision Engineering cur constant goal 
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Precision Castings 
“Delivered” Overnight... 
in 50,000 lb. Batches 


Steel casting backlogs at Commercial Shearing and 
Stamping Company used to lag from 8 to 10 weeks behind 
production schedules. By installing six 600 pound TOCCO 
melting furnaces, melting capacity was upped to 50,000 
pounds a day—with just three operators. 


Among advantages of TOCCO Induction melting are: 
(1) fast heating cycles—just 48 minutes for a 600 pound 
charge; (2) accurate controk—TOCCO’s completely auto- 
matic heating assures uniformity of castings; (3) cool, 
clean working conditions compared to conventional 
foundry heating methods. 


If you’re interested in maximum quality control, lower 
operating cost and rapid melting, it will pay you to learn 
more about TOCCO Induction melting. 
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Six 600 pound TOCCO melting furnaces are powered by 700 
KW of 3000 c.p.s. power at Commercial Shearing and Stamp- 
ing Company, Youngstown, Ohio. 


Mail Coupon Today— NEW FREE Bulletin 
The Ohio Crankshaft Co. + Dept. R-11, Cleveland 5, Ohie 


Please send copy of “The Case for TOCCO Induction Melting” 


i THE OHIO CRANKSHAFT COMPANY 
Fu 
| 
| 
§ Adhere 
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OHIO Round Tubing 
To 7-1/2" OD x .375" wall 


A-3573 


ay 


OHIO Square Tubing OHIO Rectangular Tubing 
To 6" x 6" x .259" wall To 7-1/2" major diameter x .259" wall 
Typical 4" x 6" x .259" wall section illustrated 


Announcing Mechanical — Pressure — Cold Drawn 


OHIO QUALITY WELDED STEEL TUBING 


m= in larger sizes...heavier wall thicknesses 
OHIO SEAMLESS TUBE 


New sizes and heavier wall thicknesses of ae 

74%" OD) now parallel the sizes of famous 

Ohio Seamless Steel Tubing. That means — Cut along line and send air mail to save time. 


is just ‘“‘made to order’’ for your product. 
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now more than ever — there’s a type and T 
size of Ohio tube to fit your special require- | RUSH me, without obligation, latest information on new larger 
ments exactly. And since we make both sizes and heavier wall thicknesses of Ohio Welded Steel Tubing. 
types, we’re in a position to recommend the | i 
best type for your own particular needs. 1 Name Title 
Ohio Tubing — either welded or seamless— |, 

ompany 


Address City 
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No. 1303 AB SIMPLIMET PRESS 


for mounting metallurgical samples is of especially strong construction 
and provides unusual ease in operation. 1” and 1%” molds are available. 
It accepts bakelite powder, bakelite premolds or transoptic powder. 


No. 1255 AB SURFMET BELT SURFACER 


offers the advantages of wet grinding on silicon carbide belts. Features 
include fast, accurate grinding, external coolant and centering controls, 
easy belt change, and access for large samples with good splash 
protection. 


No. 1720 AB ELECTROLYTIC POLISHER 


is designed for trouble free service, ease of operation and versatility in 
the electropolishing of metallurgical samples. 


No. 1851-1 AB Polimet Polishing Apparatus 


has an 8” diameter wheel with infinitely variable speed between 100 and 
1200 RPM which is electrically controlled by turning a small knob. It is 
available also in 2 and 3 unit tables and for custom mounting. 


No. 1470 AB HANDIMET GRINDER 


provides the most rapid and convenient way of fine grinding metallurgical 
samples by hand. Four grades of adhesive backed abrasive papers are ar- 
ranged side by side with coolant flowing over them for fast clean cutting. 


No. 1000 AB CUT-OFF MACHINE 


is a heavy duty unit for abrasive cutting of metallurgical laboratory 
samples. It has a 5 HP motor, 12” abrasive wheel, built-in cooling system 
using jets or underwater cutting and a machine tool type positioning slide. 


METALLURGICAL APPARATUS 


f] 2120 GREENWOOD ST. EVANSTON, ILLINOIS, U. S. A. 
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Critical Points 
By the EDITORS 


1E GROWING IMPORTANCE of engineering ma- 
terials in modern technology is evident from 
the increased funds for research and education 
which are being directed into this field by govern- 
ment and industry. It is the lack of adequate 
materials which holds up the nation’s progress in 
space, atomic energy and military hardware. To 
help correct this, our government has spent about 
$15 million in the last 18 months to set up centers 
at eight universities* where the fundamental as- 
pects of materials will be studied. Although this 
effort will be related to space and other exotic 
requirements, many of the new materials uncov- 
ered will find ready use in better, more economical 
products for industry and home. 

Commenting on the new emphasis on materials 
research at M.I.T., President Julius A. Stratton 
states that this effort “reflects the critical need for 
new materials in new technologies and a_ better 
understanding of the fundamental processes under- 
lying their performance. The concept of materials 
today embraces familiar materials, such as wood 
and steel, but modern research extends its prob- 
ings to crystals, molecules and atoms, seeking an 
understanding of how such materials succeed, fail 
or can be improved.” Dr. Morris Cohen, A.S.M. 
trustee and professor of metallurgy at M.I.T., has 
an active part in the direction of that institution’s 
programs in materials science. 

Further indications that the fundamental study 
of crystals will play an important role in the future 
progress in materials research was evidenced at an 
International Conference on Nonmetallic Crystals 
sponsored recently by Northwestern University’s 
New Materials Research Center, which is headed 
by Dr. Morris E. Fine, formerly chairman of the 
department of metallurgy. In reflecting on this 
program, Dr. Fine had this to say: “Science is 


*Included are Northwestern, Cornell, Pennsyl- 
vania, Brown, Harvard, Stanford, Chicago and 
Massachusetts Institute of Technology. 
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Who Will Be the Materials Engineer? 


learning how the structure of a material is related to 
its properties, such as strength, ability to conduct 
electricity, and the like. As the scientists better 
understand how structure influences properties, then 
engineers hopefully will be able to better tailor- 
make the material needed for a given application.” 

In commenting on the new program in materials 
science for which the University of Pennsyivania 
received $4.4 million from the Department of De- 
fense, Dr. Gaylord P. Harnwell, president, states, 

. there is no question but that new types of 
problems are confronting those who are concerned 
with research and development in the science of 
materials and those who bear a responsibility for 
the education of the necessary scientists and en- 
gineers.” Dr. John N. Hobstetter, professor of 
metallurgical engineering, is director of the Ma- 
terials Center at this university. 

It is significant that many of the new programs 
in materials are being directed by scientists and 
engineers who have metallurgical backgrounds. 
This should encourage all metallurgists and metals 
engineers to understand the nature of the coming 
highly technical age and what it means by way of 
enlarged horizons for their profession. There is 
an important role for the metallurgist in the de- 
velopment of the science of materials because he 
already appreciates the significant relationship be- 
tween structure and properties, so important to an 
understanding of the fundamental problems in 
materials engineering. Today's challenge in ma- 
terials offers the metallurgist the opportunity to 
expand his interests and to broaden the scope of 
his activities. He can provide the leadership 
needed for the Materials Age, but bold thinking 
and a continuous interest in self-education in new 
areas are required. Then, as has been suggested 
by General Electric’s John H. Holloman, who has 
served A.S.M. as a trustee: “Metallurgical engineer- 
ing will become materials engineering. Out of 
metallurgy, by physics, comes materials science.” 
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Modern 
Heat 
‘Treatment 


Induction Hardening Helps in Manufacturing These Actuators 


A Superior Microstructure for 
Optimum Induction Hardening 


By RICHARD J. GOULD* 


In the development of the hardened and tempered microstructure of steel, 
as commonly used in induction hardening, there exists a critical 

carbide particle size. A slight deviation from this critical size 

will result in either optimum or inferior case hardnesses. 

Also, prolonged tempering times adversely affect the response 

of the microstructure to induction hardening. (J2g, M27; AY) 


Inpuction HARDENING Is BECOMING increas- 
ingly popular as an economical and effective 
method of selectively case hardening steel parts. 
In the Actuator Operation at Saginaw Steer- 
ing Gear Div., General Motors Corp., induction 
hardening is being used almost exclusively in 
the production of ball bearing screws and 
splines. However, to produce a case of high 
quality consistently on these critical compo- 
nents, particularly where special case hardness 


*Metallurgist, Actuator Operation, Saginaw Steer- 
ing Gear Div., General Motors Corp., Saginaw, 
Mich. 
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and case patterns are required, problems unique 
to the process had to be solved. One of the 
most important of these problems was the need 
for an improved microstructure which would 
respond more readily to the short-time cycles 
of induction hardening, since, it appeared, 
adjustments of coil design and power settings 
had failed to produce the desired results. 


Make Full Use of Available Carbon 


With conventional carburizing, in which the 
carbon content of the steel is increased to con- 
centrations between 0.85 and 1.00%, there is 
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Fig. 1—How Microstruc- 
ture Responds to Tempering 
Temperature. Samples were 
quenched, tempered and 
induction hardened. (The 
insets illustrate the result- 
ing microstructures.) High- 
er tempering temperatures 
coarsened the carbides 
which dissolved more slow- 
ly as evidenced by a drop 
in case depth. 8000 x 


° 
° 


Case Depth, In. 


little difficulty in obtaining a specified case 
depth with the desired hardness throughout. 
On the other hand, in the induction hardening 
grades of steel, carbon usually does not exceed 
0.50%. Therefore, full use of the available 
carbon must be realized if the highest quality 
case is to be obtained. It is at this point that 
the problem begins and the role of structure 
becomes so important. 

At the risk of stating the obvious, it should be 
emphasized that, regardless of the amount of 
“available” carbon present, it is the amount of 
carbon that actually goes into solution that 
determines the hardness obtained in the case. 
Similarly, the case depth, or pattern, is re- 
stricted to the depth at which this solution of 
carbon takes place. Thus, the approach to the 
problem seemed to be primarily that of increas- 
ing the solution rate of the carbon mechanically, 
that is, by putting the carbides in a more finely 
divided state. This increases the total surface 
area so that the diffusion of carbon would occur 
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700 900 
Tempering Temperature, °F. 


rapidly and on as many fronts as possible during 
the brief time at the austenitizing temperature. 

In the Actuator Department at Saginaw 
Steering Gear, the materials most commonly 
used for induction hardening are S.A.E. 4145, 
4150, and 6150. For general applications, the 
stock is first “core developed”, or hardened and 
tempered, to a hardness of Rockwell C-20 to 25. 
This structure is called sorbite. Its micro- 
constituents consist of spheroidal carbide in a 
matrix of ferrite, which is a result of austenitiz- 
ing the steel, quenching to martensite, and then 
tempering to release carbon as spheroids of 
carbide. It is during the tempering operation, 
where the spheroids are formed, that the matter 
of structure becomes critical. To reveal the 
actual difference between carbide particle sizes 
as found in various hardened and tempered 
structures, and to show the effect which these 
structures have upon induction hardening re- 
sults, two graphs and a series of electron photo- 
micrographs are included here. 
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Fig. 2 — How Case Hardness Varies With Prior 
Tempering Temperatures. At 1200°F., the 
maximum slope of the curves, a critical carbide 
particle size was formed. Below 1200 F., the 
hardness of the case is greatly improved. 8000 x 


Test Procedure 


The induction heating device used for this 
experiment was of the motor-generator type, 
with a frequency of 9720 cycles and a capacity 
of 250 kw. An induction heating coil having 
an integral oil quench was designed with a 
heat zone 1 in. in length and an inside diameter 
of 114 in. Samples were made of fine-grained, 
S.A.E. 4145 H steel tubing, with a Jominy hard- 
enability of Rockwell C-59 at 2/16 in. The 
samples were ground to an outside diameter of 
between 1.236 and 1.239 in. and cut to 1-ft. 
lengths. 

To obtain an accurate comparison of results, 
all variables in the preparation of the samples 
for induction hardening were held constant 


68 


with the exception of the final tempering oper- 
ation. All samples were first normalized at 
a temperature of 1650°F., austenitized at 
1550° F., and oil quenched. After being stress 
relieved at 325°F., the samples were given 
individual tempering treatments at tempera- 
tures ranging from 325 to 1350°F., for 1 hr. 
each. 


Fine Carbides Preferred 


Figure 1 illustrates the relative ease with 
which the various structures respond to induc- 
tion hardening. In this graph the tempering 
temperatures used for core development are 
shown along the abscissa. It is evident from 
the electron photomicrographs that the carbides 
become progressively coarser with increasing 
tempering temperatures. The constant power 
setting used in this experiment resulted in a 
certain case depth for each structure. The 
curve reveals that, as the carbides become finer, 
the structure becomes more responsive to in- 
duction heating, as indicated by the progres- 
sively deeper case penetration. From this, it 
may als» be inferred that the coarser the car- 
bides, the greater the heat input must be to 
obtain a given case depth. 

In Figure 2, the lower curve shows the rela- 
tionship between tempering temperatures for 
core development and their corresponding 
hardnesses. The lower the tempering tempera- 
ture, the higher the hardness, and the finer the 
carbides. As the tempering temperature in- 
creases, the carbides become coarser, and the 
hardness drops. The set of three curves, which 
shows case hardnesses at various depths, indi- 
cates the “quality” of the induction hardened 
case as obtained from each core-developed 
structure. (“Quality”, as used here, refers to 
the hardness throughout the case, with micro- 
hardness readings taken at 25%, 50% and 75% 
depths.) 


Importance of Tempering Temperature 


Again referring to the set of three curves in 
Fig. 2, it can be seen that spheroidal structures 
developed at temperatures higher than 1000° F. 
rapidly lose their responsiveness to heat as indi- 
cated by the increased drop in hardness within 
the case between the 25% and 75% depth read- 
ings. This can be explained by the fact that, 
beyond 1000° F., each additional increment of 
heat has a greater coarsening effect upon the 
carbides than does an equal increment of heat 
below 1000° F. At 1200° F., the hardness drop 
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Fig. 3 — These Micrographs Show 
How Carbide Size Affects Solu- 
tion Speed During Induction 
Hardening. Tempered structures 
(temperatures are listed) are 
shown on the left; tempered and 
induction-hardened structures, on 
the right. Small carbides (800° F.) 
dissolve completely; medium car- 
bides (1200° F.) dissolve partial- 
ly; and large carbides (1300° F.) 
dissolve only slightly. 12,000 x 


between the 25% and 75% depths is greatest, 
for at this point the slope of the curves has 


reached a maximum. Apparently, for this par- 
ticular grade of steel, this temperature has 
formed a critical carbide particle size insofar 
as the response of hardened and tempered 
structures to induction heating is concerned. 
For it is evident from the three curves that, if 
tempering temperatures are higher than 1200° 
F., then the quality of the entire case will be 
appreciably lowered. On the other hand, 
temperatures lower than 1200° F., the entire 
case depth improves considerably. 

The electron photomicrographs shown in Fig- 
ure 3 illustrate the ease and the reluctance with 
which these carbides go into solution. Original 
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core structures developed at tempering tem- 
peratures of 800’ F., 1200° F., and 1300° F., are 
each compared with a photomicrograph show- 
ing the extent to which the carbides have 
transformed in the case as determined at the 
75% depth. Note that a nearly complete solu- 
tion of carbides has occurred in the case ob- 
tained from the structure tempered at 800° F. 
In the cases obtained from the structures tem- 
pered at 1200° F., and 1300° F., there are in- 
creasingly greater amounts of virgen or 
untransformed, carbides. In Fig. 2, note the 
relative hardnesses of these three positions 
along the curve representing the 75% case 
depth. 

It should be remembered at this point that 
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1100°F., 3 Hr. 


1100°F., 6 Hr. 


Fig. 4—How Carbides Coarsen 
With Increasing Tempering Times. 
These structures were formed dur- 
ing tempering at 1100° F. for 1, 
3 and 6 hr. Progressive coarsening 
of the carbides as tempering time 
is increased is evident. 12,000 x 


the case hardness values of the set of curves 
in Fig. 2 are based on an arbitrary heat input, 
without regard to any case specification. Ac- 
tually, higher intermediate hardnesses could be 
obtained by increasing the voltage or time or 
both. However, the relative responsiveness of 
these structures to heat will still exist. In other 
words, it will be more difficult to obtain case 
quality from a structure developed at 1200° F. 
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(and above) than from structures developed at 
lower temperatures. Results are borderline, or 
worse, when a minimum hardness of Rockwell 
C-58 is desired. The problem becomes more 
difficult when surface contours and case pat- 
tern specifications must be considered. For 
instance, when working with structures having 
coarse spheroids, so much heat is required to 
dissolve the carbides to the depth required, that 
it is often impossible to obtain the desired 
hardness and pattern without causing grain 
coarsening and melting. 


Effect of Tempering Time 


In the heat treatment of steel for induction 
hardening, there is another factor, besides the 
tempering temperature, which will cause car- 
bides to coarsen, and that is the total time of 
tempering. In Fig. 4 are shown three struc- 
tures which were hardened and tempered at 
1100° F. for periods of 1 hr., 3 hr. and 6 hr., 
respectively. It is clearly evident that carbide 
coarsening has occurred. In fact, 6 hr. at 1100° 
F. has produced a structure similar to that ob- 
tained by tempering at 1200° F. for 1 hr. This 
carbide coarsening effect, the result of increased 
tempering time, would be even more severe at 


higher temperatures. If tempering cycles are 
inconsistent, then, with other factors considered, 
it could explain why different lots of steel parts 
do not seem to react in the same manner as 
with previously determined settings of voltage 
and time. 


Summary 


In summary, it was shown that microstruc- 
tures containing the finest spheroidal carbides 
respond the best to induction hardening. With 
such microstructures a harder and more uni- 
form case pattern is obtained. Also, for any 
specified case hardness and pattern, a lower 
heat input is required, thus eliminating grain 
coarsening and melting. 

There exists a critical carbide particle size 
in the sorbitic (hardened and tempered) micro- 
structure as used for induction hardening. For 
S.A.E. 4145 steel, as an example, this critical 
carbide size is formed at 1200°F. With tem- 
pering temperatures lower than 1200°F., the 
response of the microstructure greatly improves. 
With temperatures higher than 1200°F., the 
response diminishes. Also, longer tempering 
cycles tend to coarsen the carbides, which 
cause the microstructure to become somewhat 
less responsive to induction hardening. S$ 
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Fig. 1 — How Titanium Sheet Is Charged Into the Hot Forming Furnace. 


No protective atmospheres are needed because the heating is always under 
precise control. Also, contaminating air is largely kept from inside the fur- 


Modern 
Heat 
Treatment 


nace by stainless steel curtains in the vestibule and adjustable entry doors 


Temperature Control 
in Titanium Processing 


For processing, titanium should be heated 


By P. C. BARR* 


only to the lowest possible forming temperature. 

Though protective atmospheres are not needed 

under these circumstances, room air should be kept from 

inside the furnace as much as possible. 

Precise temperature control is also necessary. This article describes 
custom furnaces and heating procedures for processing 


Titanium 1s A RELATIVELY NEW METAL, 
few companies are making it today. However, 
as time goes on, production is expected to in- 
crease greatly because of the excellent combi- 
nation of properties that titanium has to offer. 
Since it is almost as light as aluminum, resists 
most oxidizing media, and withstands operating 
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several titanium alloys. (G-general, J23, 1-55; Ti-b) 


temperatures between 300 to 850°F., it has 
become a vital material in our rocket and missile 
program. However, one factor whieh inhibits 
wider use of the metal is the difficulty of fabri- 
cation. Titanium is hard to form in a cold 


*Manager of Processing, Titanium Metals Corp. 
of America, Toronto, Ohio. 
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Unalloyed Titanium 


Fig. 2—Typical Microstructures in Mill-An- 
nealed Titanium and Three of Its Alloys. Alpha 
is apparent in the unalloyed titanium; alpha and 
retained beta in the 6 Al, 4 V titanium alloy 
(annealed at 1300° F.); fine-grained structure 
in the 4 Al, 3 Mo, 1 V titanium alloy (annealed 
at 1650° F.) and equiaxed grains in the 5 Al, 
2.5 Sn titanium alloy (1350° F.). All structures 
were revealed by an etchant consisting of 2% HF 
in saturated oxalic acid; 250 x except for 4 Al, 
3 Mo, 1 V titanium alloy which is 50 x 


state, embrittles easily, and is susceptible to 
contamination by atmospheric gases. To use 
titanium, then, these problems must be solved. 


Heat Control Is Vital 


Because heat is an important factor in all 
stages of titanium production, it must receive 
particular attention. Several major consider- 
ations enter into heat control. Unalloyed tita- 
nium requires about 30% more energy to hot 
work than does carbon steel; even higher 
energies are required to process the alloys, 
particularly those containing aluminum. As a 
general rule, the higher the aluminum content, 
the higher the processing temperature and 
energy required. 

Titanium is more difficult to hot work than 
steel primarily because of three factors. First, 
titanium must generally be fabricated at lower 
temperatures (1900° F. or below) than steel. 
At the temperatures required for forging, oxy- 
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6 Al, 4V Titanium 


gen and nitrogen react rapidly with the surface. 
Not only is a heavy scale formed, but the gases 
diffuse into the metal at an increasingly higher 
rate as the temperature increases. Lower tem- 
peratures are also necessary to avoid the “beta 
embrittlement”, a defect which occurs when 
titanium alloys are heated above the beta 
transus and if sufficient work has not been 
performed below this temperature. Table 
lists the beta transus temperatures for the 
commercial alloys. 

The second factor that makes titanium more 
difficult to hot work is its crystal structure. The 
two allotropes, alpha and beta, have a close- 
packed hexagonal and a body-centered cubic 
structure respectively. This combination of 
structures is believed to have fewer slip systems 
than does austenite, the structure of steel at roll- 
ing temperatures. As for the third factor, tita- 
nium has a high coefficient of friction when it 
is in contact with other metals. 

In short, all of these drawbacks must be com- 
pensated for when heating titanium for form- 
ing. Though other fabricators have different 
solutions, we have found that the best method 
of reducing surface oxidation is to use the 
lowest possible processing temperature (recom- 
mended for the particular grade involved). 
Then, we shape the titanium quickly with light, 
fast reductions. This means that the metal 
must be precisely and uniformly heated for 
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4 Al, 3 Mo, 1 V Titanium 


forming. In brief, the major factor in titanium 
production is strict temperature control from 
beginning to end. 


Special Furnaces Needed 


Since titanium is such a difficult metal to 
process, the mill equipment must usually be 
built to order. Of the furnaces in our plant, all 
of which were selected for their temperature- 
performance qualities, three—the two hot 
forming furnaces and the annealing furnace— 
are of particular interest. All are of the roller- 
hearth type, and were built for us by the Elec- 
tric Furnace Co. Installed in 1957, they have 
been used constantly since that time. 


Hot Forming Furnaces 


These furnaces, which are designed for oper- 
ation between 1300 to 1950° F., can be main- 
tained within +10° F. of any given temperature 
as the alloys are rolled. No controlled atmos- 
pheres are needed since very little room air is 
allowed to enter. To accomplish this, hanging 
curtains made of stainless steel are set in the 
charging vestibule through which the titanium 
passes initially. Since these curtains are flex- 
ible, they do not impede the travel of the 
metal. Also, all doors are adjustable for mini- 
mum clearance; they can be set for each run 
so that the material just clears their lower edges 
as it enters the furnace. 
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5 Al, 2.5 Sn Titanium 


The two furnaces, which are identical and 
may be used interchangeably, are about 60 ft. 
long and 10 ft. wide. Set up side by side, each 
has a charging table, charging vestibule, two- 
zone heating chamber, and runout table. A 
transfer car at the discharge end (see Fig. 1) is 
connected to a gravity return conveyor that 


Table I — Temperatures for Processing Commercial 
Titanium Sheet Alloys 


Bera ROLLING 
TRANsuUs* | TEMPERATUREt 
Ti-55At 1685° F. | 1300 to 1400° F. 
Ti-75At 1740 | 1300 to 1400 
Ti-lO00At 1770 1300 to 1400 
Ti-140At 1525 1400 to 1500 
Ti-155At 1775 1650 to 1750 
4Al, 3Mo, 1V 
titanium 1765 1600 to 1700 
5 Al, 2.5 Sn titanium 1925 1775 to 1875 
Ti-5Al-4FeCrt 1740 1575 to 1675 
6 Al, 4 V titanium 1825 1675 to 1775 
8 Mn titanium 1485 1300 to 1400 


*+15° F. 

+The actual rolling temperature selected within 
these listed ranges depends on the required thickness, 
final processing, and whether the material is to be 
subsequently heat treated. 

tTi-55A, Ti-75A, and Ti-100A are commercially 
pure grades; Ti-140A contains 2 Fe, 2 Cr and 2 Mo; 
Ti-155A contains 5 Al, 1.5 Fe, 1.4 Cr and 1.2 Mo; 
Ti-5 Al-4 FeCr contains 5 Al, 2.75 Cr, and 1.25 Fe. 
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services both furnaces. Each heating chamber 
is 34 ft. long, and is divided into two auto- 
matically controlled temperature zones. The 
first zone is heated by 20 heating elements (gas- 
fired, radiant-tube type) located both above and 
beneath the roller hearth. In this zone, the 
top temperature is 1850° F. 

The second zone can be heated electrically 
to a maximum of 1950°F. by cast alloy ele- 
ments mounted in refractory material both 
above and below the roller hearth. 


Processing the Alloy 


Usually, all ingots are pressed or bloomed at 
temperatures anywhere from 100 to 200° F. 
above the beta transus. In this zone, the mate- 
rial is plastic enough so that the coarse-grained, 
dendritic structure can be deformed without 
intergranular surface cracking. It is absolutely 
essential, however, that the finishing operation, 
whether it be for 8-in. billets or 0.020-in. thick 
sheet, be carried out below the beta transus. 

The alloys are processed individually, or 
in packs made up of layers of titanium sheets 
between sheets of steel, the smallest packs being 
16 by 16 in., while the largest sheets are 52 by 
60 in. Pack thicknesses range from 2 to 0.5 in.; 
sheets as thin as 0.020 in. can be rolled. 

After the sheets are heated and soaked at 
the recommended temperatures, they move 
rapidly to the rolling mill for reduction. Quick, 
light passes are employed. When the desired 
thickness is reached, the sheets travel to the 
annealing furnace. 


Annealing Furnace 


With few exceptions, the all-electric anneal- 
ing furnace parallels the hot forming furnaces 
in design. There are no pressure or atmosphere 
controls, the emphasis being, again, on precise 
temperature control. 

Approximately 83 ft. long and 9 ft. wide, 
the furnace includes a charge table, charge 
vestibule, three-zone heating chamber, and 
runout table. Hearth rollers are located on 
6-in. centers, and drive equipment is similar 
to that on the hot forming furnaces. 

Material is processed in single rows of sheet 
only. Material thickness varies from 0.187 to 
0.020 in. and the largest sheet is 52 by 144 in. 
The heating chamber is divided into three auto- 
matically controlled temperature zones, the 
first two zones being 131% ft. each in length. 
A third zone, separated from the other two 
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zones by a 9-in. refractory baffle, is 16% ft. 
long. 

The annealing furnace operates from 1000 
to 1670° F., depending upon the material being 
run. After being annealed (this operation stress 
relieves and conditions), the material is air 
cooled or water quenched as desired. 


Complete Controls Provided 


To assure temperature uniformity, these three 
furnaces are fully controlled. In addition to 
mechanical controls which are integral with 
the equipment, an observer is continuously on 
hand to see that the proper temperatures are 
reached and maintained. The observers use 
portable pyrometers as well as the furnace in- 
struments to monitor the various temperatures. 
Supervising the operators, the observers have 
the authority to reject material on the spot if it 
does not conform to temperature specifications. 


Quality Control Is Essential 


The process department, to which these ob- 
servers belong, is the key department in estab- 
lishing and maintaining high standards in all 
heating operations. Though accuracy and con- 
trol are, of course, important in all plants, the 
emphasis placed on these two conditions in 
ours is so strong that 15% of the floor space is 
devoted to laboratory facilities, and 10% of 
the employees are engaged in quality control 
activities. Cycle temperatures, times, pres- 
sures, and other specifications are set up as they 
apply to all operations. Rigid adherence to 
established procedures is enforced. 

Physical, chemical and metallographic checks 
are also routine procedure for the process de- 
partment on all alloy batches run through the 
furnaces. Each sheet is checked for tensile, 
vield, elongation and bend properties. Chem- 
ical and metallographic tests are also made on 
sheets from top, middle and bottom ingot loca- 
tions. As typical examples, the photomicro- 
graphs shown in Fig. 2 illustrate the structures 
obtained when titanium and three of its alloys 
were mill annealed. 

In conclusion, close control in all phases of 
operation is vital when producing titanium. In 
our plant, the furnaces function as precision 
instruments at strategic stages in the production 
of titanium. They provide the exact tempera- 
tures which are needed to produce the desired 
properties in both commercially pure titanium 
and titanium alloys. 
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Fig. 1 — Placing a Load in a Vacuum Heat Treating Furnace. After the tech- 
nician closes and seals the door, he will set the controls for automatic heating, 
soaking and inert-gas quenching. The furnace is unloaded and recharged 
when room temperature is reached. Shown at the side is the vacuum pump 
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Heat Treating in a Vacuum 


STAFF REPORT 


Vacuum heat treating has much potential for producing parts 

which meet critical hardness, tolerance and surface finish requirements. 
In an eastern heat treating shop, a vacuum furnace is now being used 
successfully to anneal, braze, and harden a wide variety of steels 

and other alloys from A.LS.I. 1010 to PH. 15-7 Mo, including 

a number of tool steels. (J-general; ST, SS, TS) 


PROCESSES as vacuum 
melting, vacuum degassing, and vacuum braz- 
ing. vacuum heat treating has now moved out 
of the laboratory and into the shop. Specifi- 
cally, a new vacuum heat treating and brazing 
unit is now in daily operation at Commercial 
Metal Treating, Inc., in Bridgeport, Conn. 
According to the company’s president, Michael 
Kober, “It is in almost constant use in heat 
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treating a wide variety of steels — from anneal- 
ing A.L.S.I. 1010 to hardening PH 15-7 Mo and 
several grades of tool steels of the air-harden- 
ing types.” Among its advantages are safety 
(no explosive atmosphere is present ), simplicity 
of operation (once the door is closed on the 
charge, all operations are automatic), and con- 
sistency of product (virtually no parts have 
been rejected because of property variations ). 
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Though the unit is somewhat more expen- 
sive to operate than other heat treating devices 
of like capacity (because bottled argon and 
nitrogen are employed for cooling), Mr. Kober 
feels that the advantages more than compen- 
sate for the added cost. As he puts it, “When 
you need the best results, only the best process- 
ing equipment is really economical. The higher 
initial cost of vacuum heat treating is more than 
offset by lessened rejects and longer service life 
of treated parts.” 


Metallurgy of Vacuum Treating 


Metallurgically speaking, vacuum heat treat- 
ing is fundamentally different than heat treat- 
ing in an atmosphere. In the former, dissocia- 
tion of compounds takes the place of chemical 
reactions between elements and gaseous com- 
pounds. Let us cite a specific example of the 
basic difference: When stainless steel is treated 
in a hydrogen atmosphere, the hydrogen re- 
duces oxides on the surface but has no effect 
on other contaminants (such as gases) which 
may be present in the surface zone. If stain- 
less steel is heat treated in a vacuum furnace, 
however, not only will the surface oxides be 
removed (by dissociation of the oxide) but the 


nitrogen, hydrogen and dissolved oxygen will 
also go. Thus, a purer, more closely controlled 
product will result. 

There are other metallurgical advantages to 


vacuum treating. For instance, there is no 
danger of carbonitriding, carburizing, decarbu- 
rizing, nitriding, siliconizing, sulfurizing, or 
hydrogen embrittlement. Since contaminants 
such as oxide films are removed in a vacuum, 
work emerges exceptionally bright and with a 
minimum of distortion. Though there is no 
difference in the microstructures produced by 
atmosphere and vacuum heat treatment, impact 
strength and ductility of material treated in 
vacuum can be higher than that of metal proc- 
essed in an atmosphere because the occluded 
gases are also removed. 


Operating the Unit 


As Fig. 1 illustrates, the unit, which was built 
by Ipsen Industries, Inc., Rockford, Il., is easily 
managed by one man —all he does is charge 
the furnace and set the controls to follow the 
prescribed sequence for the heat treating cycle 
of the alloy being processed. For instance, to 
heat treat saw blades made of A.I.S.I. A2, a 
typical part that has been processed in the 
unit, they are charged and the furnace controls 
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are adjusted to heat them at 1850° F. and cool 
them to room temperature with circulating 
nitrogen. Strictly speaking, the controls are set 
so that the load will be at room temperature 
when the charging door is open; therefore, the 
time for cooling depends on the load size. 

For automatic operation, the water valve to 
the cooling water manifold is first opened. 
(All controls interlock with a water-pressure 
safety switch.) Next, all manual control 
switches are turned off and the selector switch 
is set for automatic operation. After the desired 
temperature and the time “at heat” are set, the 
“fast cool” timer is adjusted to control the 
quenching cycle. Finally, the load is placed 
in the furnace, the door is closed and sealed, 
the “start” button is depressed, and the furnace 
goes through the desired sequence. 

This automatic routine begins when the 
furnace is evacuated to the desired vacuum 
pressure; then the charge is heated and soaked 
at the indicated temperature. During the cool- 
ing cycle, the gas regulator maintains a slight 
negative pressure to insure tight vessel seals. 
For rapid cooling, a 3-h.p. fan drives the gas 
(nitrogen or argon) down the inside wall of the 
vacuum shell, up past the bottom opening in 
the chamber, and through the work at a rate 
of about 2500 ft. per min. After the process is 
finished, a signal light flashes to indicate that 
the charge is cooled and that the unit is ready 
for another cycle. 


Details of the Furnace 


Perhaps some information concerning design 
features would be of interest. Briefly, the unit 
is composed of a roller-hearth furnace, a cool- 
ing fan, and a simple pumping system. The 
vacuum chamber, which encloses the furnace 
and fan, has dished end covers. A hinged and 
dished charging door, sealed with a rubber 
“square” ring is unitized with the front cover. 
Since the only other entries to the vacuum shell 
are for electric power lead-ins, a sight port, a 
thermocouple junction, and a cooling gas inlet, 
the leak rate is quite low — less than 10 microns 
Hg per hr. At this rate, according to our calcu- 
lations, at least nine years would be required 
for the unit to rise from 1 micron to atmospheric 
pressure! 

The furnace illustrated in Fig. 1 has an input 
of 62 kw. and a 24 by 36-in. hearth with a 12-in. 
work clearance. It is heated by low-voltage 
tubular elements (graphite) placed above and 
below the work chamber. 
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In the vacuum system, gases and vapors are 
removed from the sealed vessel by a mechanical 
vacuum pump ( gas-ballast, rotary-piston type ) 
coupled with a three-stage, oil-vapor diffusion 
pump. To measure the degree of vacuum, both 
an Alphatron ionization gage and a thermo- 
couple gage are employed, the first being used 
primarily to determine the operating pressure 
within the vessel. Although the thermocouple- 
type gage serves this function as well, it also 
provides a safety factor since it can be set to 
turn off the heating elements if pressure rises 
over 1000 microns Hg or any preset pressure. 


What the Equipment Can Do 


This unit, though simple in operation, is quite 
versatile. With it, almost any type of heat 
treatment can be performed on a wide variety of 
metals and alloys. For example, the unit has 
been used to harden stainless steels (such as 
Type 410, 416, 420 and 440), tool steels (includ- 
ing A2, A6, D2, H11, H13 and M2), and pre- 
cipitation-hardening steels (PH 15-7 Mo in one 
instance). Only those steels that must be 
hardened by liquid quenchants cannot be proc- 
essed satisfactorily in the unit. While fairly 
rapid cooling rates can be achieved by blasting 
inert gases through hot steel, these rates will 
not equal those which can be attained by salt 
baths, oil, water, or brine. However, this limita- 
tion is of little consequence since there are a 
great number of steels which can be air 
quenched. In fact, these air-quenching grades 
could not be processed in liquid mediums any- 
way — they would be very apt to distort and 
crack if they were. 

Among other items, the vacuum heat treating 
unit at Commercial Metal Treating has been 
used for processing die blocks made of several 
tool steels. For example, the company has 
treated die casting dies made of H13 (austen- 
itized at 1850° F. and quenched in nitrogen to 
Rockwell C-56 to 57), die blocks of A6 (austen- 
itized at 1550° F., and quenched in nitrogen to 
Rockwell C-63), and mold cavity inserts of D2 
(heated to 1400° F., soaked, raised to 1850° F., 
soaked, and quenched to C-63 in nitrogen). 

Figure 2 illustrates a few of the types of parts 
that have been processed in the vacuum unit. 
Parts for the shaving head of an electric razor 
will be recognized; they are made of an air- 
hardening stainless steel. The manufacturer of 
these razors prefers vacuum treatment because 
it is able to maintain precise dimensions in the 
hardened cutters. 
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Fig. 2— Typical Parts Which Have Been 
Heat Treated in the Vacuum Unit. Note the 
cutters for an electric shaver; these parts 
require good hardness, close tolerances, 
and an attractive, bright surface. Vacuum 
heat treatment provides all three needs 


With this unit more than one material can be 
processed at the same time. In one typical 
example, it was used for annealing the teeth of 
welded saw blades, the teeth consisting of 
A.1.S.1. M2 and the backing of A.I.S.I. 6315. 
The unit can be used for brazing, too — engi- 
neers at C.M.T. have brazed Type 316 bushings 
to Type 416 shafts. 


In Summation 


To sum up the experiences of those who have 
employed vacuum heat treatments for their 
parts, most of them feel that the improved prop- 
erties and lower rejection rates compensate for 
the added expense of this type of processing. 
In some instances, over-all costs are lowered 
because the finished surface is extremely clean 
and free from distortion. As a result, machining 
costs are minimized. For example, one manu- 
facturer could machine its parts to closer toler- 
ances before treatment thus leaving less material 
to be removed by costly grinding after treat- 
ment. Formerly, they left 0.008 to 0.009 in. on 
the surface for grinding; now, they machine 
down to within 0.005 in. of the desired finishing 
dimensions. 

With such favorable reports from users of 
vacuum processed parts, it would seem that 
vacuum heat treating, though still in its infancy, 
will soon take its proper place in the ranks of im- 
portant heat treating methods. According to 
users, it is helping to cut production costs, re- 
duce processing problems, and last, but not 
least, keep customers happy. A) 
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A Method for Strengthening 
Semiaustenitic Stainless Steels 


By D. C. LUDWIGSON* 


Both the formability and strength of a semiaustenitic stainless steel 
can be improved to a degree by mild deformation followed by 
a stabilizing heat treatment. (Q27, Q23q, J-general; SS) 


Tue STAINLESS STEELS, 
such as 17-7PH and AM 350, offer a good 
combination of formability, strength, and cor- 
rosion resistance. As annealedt, they exhibit 
yield strengths near 45,000 psi. and elongations 
of about 30%. When subsequently hardened, 
tensile and yield strengths of 210,000 and 175,- 
000 psi., respectively, are achieved. Further- 
more, the corrosion resistance of this type 
of alloy compares well with that of the marten- 
sitic stainless steels. 


Transformation Is Sluggish 


These alloys, however, are sensitive to 
thermal and mechanical stabilization of austen- 


*Principal Metallurgist, Battelle Memorial Insti- 
tute, Columbus, Ohio. 

+See box on p. 80 for details of treatment, and 
definitions of other terms used to describe process- 
ing treatments in this article. 
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ite against transformation to martensite. Some 
of them, for example, will not be transformed 
completely to martensite by refrigeration if 
allowed to stand after being triggered. In 
addition, it has been noted that mild forming 
operations on triggered material decrease the 
extent to which it can be made martensitic 
by refrigeration. Although these manifesta- 
tions of stabilization are detrimental, the phe- 
nomenon can be harnessed and used to improve 
the properties of semiaustenitic alloys to a 
degree. The study described shows how. 
For the work, we used an alloy that contained 
0.12% C, 2.2% Mn, 0.43% Si, 16.2% Cr, 4.3% Ni 
and 2.2% Mo. As annealed, the alloy was 
wholly austenitic and, therefore, soft and form- 
able; it had a yield strength of 46,500 psi. and 
an elongation of 29.3%, After hardening, the 
alloy was martensitic. Yield and ultimate ten- 
sile strengths were 174,000 and 208,000 psi., 
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Table I — Effects of Various Treatments on Transformation Characteristics 


Rockwett A| TENSILE | 
ConpiT1ioN STRETCHED | | ELONGATION 
ARDNE | STRENG | STRENGTH | 
‘ 
Annealed | — 96.5 | 46,500 psi. | 162,000 psi. | 29.3% 
Annealed and — | 735 | 174,000 | 208000 | 86 
hardened } 
Annealed and 1% 59.6 | 53,500 162,000 | 29.4 
stretched 3 61.9 62,500 | 168,000 27.5 
6 | 65.4 | 81,800 | 172,000 | 253 
10 68.8 115,000 183,000 | 19.1 
15 70.3 | 148,000 | 192,000 14.8 
20 | 71.0 170,000 | 194,000 13.4 
25 72.3 193,000 | 197,000 8.6 
Annealed, | 0 70.0 113,000 178,000 21.4 
stretched, ] 67.9 92,600 | 173,000 29.7 
refrigerated | 3 67.7 98,700 | 169,000 29.7 
and tempered | 6 68.4 | 115,000 | 165,000 27.0 
10 69.0 | 134,000 | 165,000 26.2 
15 70.9 | 164,000 174,000 17.2 
20 | 72.0 190,000 193,000 | 6.6 
P40 73.1 206,000 208,000 4.9 
Annealed, 0 56.0 46,700 160,000 31.9 
stretched and ] 59.2 58,000 159,000 34.5 
stabilized 3 62.4 70,500 | 159,000 33.8 
6 65.7 92,100 155,000 35.3 
10 68.7 132,000 163,000 25.4 
15 71.0 | 172,000 176,000 | i352 
20 72.3 191,000 198,000 7.8 
25 73.1 208,000 210,000 3.8 
Annea'ed, l 73.4 | 179,000 213,000 
stretched, 3 74.3 | 185,000 | 218,000 6.9 
stabilized and 6 74.4 185,000 216,000 7.4 
hardened 10 74.4 190,000 218,000 6.4 
15 74.4 191,000 217,000 2.9 
20 74.3 194,000 217,000 8.7 
25 74.3 189,000 215,000 10.5 


Tensile properties are based on two tests; hardness is the average of 20 tests. 


respectively, and the elongation was 8.6%. 

In the experimental alloy, as annealed, al’ 
of the carbon is in solution, and the Ms tem- 
perature is about —100°F. Hardening begins 
with a trigger anneal at 1700°F. During this 
treatment, chromium carbide particles (Cr23Ce) 
precipitate at the grain boundaries, depleting 
the austenitic matrix of about 0.05% C and 
about 0.85% Cr. Each 0.01% of carbon removed 
from solution is thought to raise the Ms by 26 
to 30° F., and each 1% of chromium taken out 
of an austenitic solution is believed to raise the 
Ms by 66 to 75°F. Accordingly, the trigger 
anneal should raise the Ms by about 200° F., or 
from —100 to +100°F. (Actually, annealed 
and triggered material responded weakly to a 
magnet at room temperature, indicating that 
some martensite was present in the micro- 
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structure.) During the next step, refrigeration 
at —110°F., the structure transformed from 
austenite to martensite almost completely. 
Final properties were obtained by tempering 
at 850° F. 


Why Stabilization Occurs 


If an austenitic structure is cooled to some 
temperature between Ms and M, and held at 
that temperature for a period of time, marten- 
site does not begin to form immediately when 
cooling is resumed. This is because the marten- 
site which appeared during the initial cooling 
has stabilized the remaining austenite against 
transformation. Martensite formed by defor- 
mation, as well as by cooling, can also cause 
stabilization. Previous research has shown that 
the stabilizing effect increases with increasing 
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amounts of martensite, and that, for a given 
martensite content, stabilization is enhanced by 
tempering the martensite. 

According to the reaction-path theory, mar- 
tensite is nucleated at minute strained regions 
in the austenite matrix. In these regions, the 
strain energy available can be added to that 
of the normal lattice vibrations to aid in over- 
coming the activation energy barrier between 
austenite and martensite. Adjacent regions are 
strained during the formation of a martensite 
plate so that a certain number of potential strain 
centers are brought almost to the energy level 
required to nucleate martensite. If the mate- 
rial is left in this condition, however, the strain 
centers will relax with the passage of time; 
this drastically reduces their potential for nu- 
cleating martensite. Since relaxation takes 
place more rapidly at moderately elevated 
temperatures than at room temperature, tem- 
pering the martensite in a structure of austenite 
and martensite enhances the stabilization of 
the remaining austenite. 


Experiments Verify Theory 


Table I presents the effects of various treat- 
ments on the properties of the experimental 


alloy. (We stretched and treated tensile test 
specimens to obtain these data, incidentally.) 
Stretching, during which martensite was 
formed, increased strength and hardness and 
decreased elongation. In like manner, refriger- 
ation caused martensite to appear in the micro- 
structure at all levels of prior deformation, as 
evidenced by the increase in the yield strength 
and hardness. 

The data in Table I also illustrate the stabiliz- 
ing effect of the martensite formed during 
deformation. For example, unstretched speci- 
mens could be hardened to a yield strength 
of 113,000 psi. through refrigeration; but speci- 
mens stretched just 1% prior to refrigeration 
could be hardened to a yield strength of only 
92,600 psi. The martensite formed during 
stretching had stabilized the remaining austen- 
ite during the interval between stretching and 
refrigeration. 

For each level of stretch from 1 to 25%, the 
specimens that were subsequently refrigerated, 
as evidenced by their greater yield strength, 
contained more martensite. Yet, specimens 
stretched as much as 15% had greater elonga- 
tion after refrigeration and tempering. The 
tempering treatment appears to have been 
exceptionally effective in stabilizing the aus- 
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Definition of Terms 


Annealed: Solution treated at 1900° F. for 
10 min. and rapidly cooled in air to room tem- 
perature. 

Stretched: Elongated in uniaxial tension. 

Stabilized: Held at 850° F. for 1 hr. directly 
after stretching. 

Triggered: Held at 1700° F. for 10 min. and 
rapidly cooled in air to room temperature. 

Refrigerated: Cooled to —110° F. and held 
at this temperature for 8 hr. 

Tempered: Heated at 850° F. for 1 hr. directly 
after refrigeration. 

Hardened: Triggered, 


tempered. 


refrigerated, and 


tenitic portion of mixed structures. Specimens 
stretched 20% or more probably contained so 
little remaining austenite that, even though 
highly stabilized, it could not contribute much 
toward improved elongation. The fact that 
tempering improves the ductility of the mar- 
tensitic portion of the mixed structure, how- 
ever, also enters into these comparisons. Addi- 
tional tests on similar alloys confirmed these 
findings. 


Better Elongation Is Obtained 


Of course, the transformation of austenite to 
martensite during deformation reduces the 
steel’s ductility and limits its formability. In 
an attempt to improve ductility, annealed 
samples of the experimental alloy were 
stretched various amounts and then stabilized 
at 850° F. for 1 hr. As shown in Table I, 
elongation increased from 29.3 (for the an- 
nealed material) to 35.3% after a stretch of 6% 
followed by a stabilizing treatment. Yield 
strength and hardness increased with the im- 
provement in elongation. Other similar alloys 
having elongations of 16, 22, 27 and 34% in the 
solution-annealed condition exhibited maximum 
elongations of 21, 28, 30 and 40%, respectively, 
after being stretched varying amounts (up to 
10%) and then stabilized. 

The effects of stretching and stabilizing on 
material subsequently hardened are also shown 
in Table I. Stretching and stabilizing ac- 
counted for some improvements in strength 
(by about 10,000 psi.). 
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Some Possibilities To Be Considered 


The reason for the strengthening effect of 
the stretching and stabilizing treatments prob- 
ably lies in their influence on the positions 
which the chromium carbide particles take 
when they precipitate during the trigger anneal. 
As shown in Fig. 1, carbides precipitate at the 
grain boundaries in undeformed material. In 
deformed material, however, they precipitate 
along the traces of active slip planes. These 
finely distributed particles probably contribute 
more to the strength of the alloy than grain- 
boundary carbides. It is also possible that the 
fine distribution of carbides in deformed mate- 
rial results in a more uniformly depleted aus- 
tenite, and —after refrigeration and temper- 
ing—more uniformly hardened martensite. 

It is expected that material stretched and 
stabilized prior to hardening will have better 
corrosion resistance than material hardened 
without prior deformation. As is apparent in 
Fig. 1, the deformed specimen exhibits no 
continuous paths of precipitated carbides; 
therefore, it is not sensitized to rapid intergran- 
ular attack. Although no tests were made to 
substantiate the contention of better corrosion 
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Fig. 1—Undeformed and Deformed Experi- 
mental Steel After Being Triggered (Held at 
1700° F. for 10 Min. and Rapidly Cooled in 
Air to Room Temperature). Specimen on left 
was annealed and triggered; specimen on the 
right was annealed, deformed 10% and trig- 
gered. Note the fine, evenly distributed car- 
hides in the deformed specimen compared to 
the coarse precipitate at the grain boundaries 
of the other. Etchant: oxalic acid; 500 x 


resistance, cold work either before or after a 
carbide-precipitation treatment is a well-recog- 
nized, if little-used, way to combat sensitization. 

In conclusion, each improvement in proper- 
ties that results from stretching and stabilizing 
is modest, elongation of annealed material be- 
ing increased by about 5% while yield and 
tensile strengths of hardened material are in- 
creased by about 10,000 psi. The extent of the 
expected increase in corrosion resistance is 
unknown. In total, however, these benefits may 
warrant the additional treatments required to 
attain them. With further, more intensive, 
research it may be possible to obtain larger 
improvements in strength and _ elongation 
through discovery of more effective thermal 
treatments. S 
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Aluminum 2219... New Alloy for 
High-Strength Welded Structures 


By F. R. COLLINS, 
F. G. NELSON 
and I. B. ROBINSON* 


A heat treatable alloy which retains its high strength 
at temperatures of 450 to 700° F., 2219 also has demonstrated 


superior weldability. Defects from fusion welding that would 

decrease the strength of structures made of other alloys of this type 

have virtually no effect on the strength of structures fabricated from 2219. 
Weldments perform \ well at subzero and at elevated temperatures. 
(A-general, K9s, Q-general; Al-b) 


Tue FAMILIAR HIGH-STRENGTH aluminum 
alloys such as 2014, 2024 and 7075 exhibit out- 
standing mechanical properties after heat 
treatment, and are attractive for applications 
requiring a high strength-to-weight ratio. In 
the past, such alloys were generally joined by 
spot welding or mechanical and adhesive meth- 
ods because attempts to fusion weld them were 
not successful. Alloy 2219+ is the best alloy 
of this group for fusion welding by commercial 
practices. It has demonstrated high weld eff- 


*Mr. Collins is head, joining section, Mr. Nelson 
is research engineer and Mr. Robinson is research 
engineer, Alcoa Research Laboratories, New Ken- 
sington, Pa. Part I, published in September, dis- 
cussed the general characteristics, properties and 
corrosion resistance of alloy 2219. 


+U.S. Patent No. 2,706,680. 
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ciency in all of its various tempers, under 
welding conditions and stress combinations that 
often cause decreased strength in other high- 
strength aluminum or ferrous alloy welds. 


Welding Characteristics Are Excellent 


Alloy 2219 is easy to weld. Metal flow is 
comparable to that of the aluminum-magnesium 
alloys. Commercially sound welds have been 
obtained in sheet and plate up to 1 in. thick 
and techniques are being developed for 
thicker plate. Susceptibility to hot-short crack- 
ing is much less than in other high-strength, 
heat treatable alloys and compares favorably 
with that of the aluminum-magnesium alloys. 

Weld cracking in 2219 is not influenced 
greatly by joint design and parent metal-filler 
wire dilution because their compositions are 
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Welded Fuel Tank for Bomarc Ramjet Made 
of 2219 Aluminum (Courtesy Boeing Co.) 


| 
24 In. 


| 
9 In. 


1% In. R (Min.) ae 


W+'%in— 


(a) Full-Section Tensile Specimen 


Fig. 1 — Three Types of 
Test Specimens Obtained 
From Butt (Groove) 1% In. R (Min.) W+ In. 
Welded Plate: (a) W = ; 

1's in. + 0.01 if T does han ‘i 

not exceed 1 in.; W = 1 
in. + 0.01 in. if T ex- (b) Reduced-Section Tensile Specimen 

ceeds 1 in.; (b) Weld 

metal is machined flush 

with base metal. X = 

width of weld; notes ze 

in (a) concerning W 
(width) also apply; (c) 
Length should approxi- 
mate 16T (9 in., min.) (c) Free-Face Bend Specimen 
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—$—_—_—__r- Fig. 2 — Strength and Elongation of Groove 
Number of Tests Indicated] Welds in 2219-F Sheet and Plate Using 
by Adjacent Figures | 2319 Alloy Electrodes. (Top): Solution heat 
Maximum treated and aged to T62 temper after 
Average welding; (center) 2219-T 31 and T 37, aged 
Minimum after welding to T 81 and T 87 tempers; 

(bottom) 2219-T 81 and T 87, as welded. 
White dots show both MIG and TIG welds, 
using an a-c. power source. Black dots 
are DCSP-TIG welds. Data on _tensil 
strength obtained on both full-section and 
reduced-section specimens; data on elon- 
gation obtained on free-bend specimens 


Tensile Strength, 1000 Psi. 
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compared in Table I on the opposite page. 

Alloy 2219 is available as sheet, plate, extru- 
sions, and forgings in a variety of tempers. 
The F (as fabricated) and 0 (annealed) tempers 
are generally recommended for assemblies that 
can be heat treated and aged to the T 62 tem- 
per (solution heat treated and aged by customer) 
subsequent to welding. The readily formable 
T31 and T 37 tempers, obtained by solution 
heat treating and cold working, are recom- 
mended for structures that can be aged after 
being welded. The fully aged tempers, T 81 
and T87, are recommended for structures 
where little forming is necessary prior to weld- 
ing or where it is impracticable to age the 
completed assemblies. 


Strength of Welds 


| 


Elongation, % 


| 


| 


Elongation, % 
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Alloy 2219 is influenced less by welding con- 
ditions than are other high-strength aluminum 
alloys. Nevertheless, the strength of a sound 
weld — in any alloy — can be as low as that of 
the annealed temper unless suitable welding 
techniques are used. The best welding pro- 
cedures use high travel speeds, small stringer 
beads, low heat input, and a quick chill. 

To determine the mechanical properties of 
welds, plate specimens of alloy 2219 (Fig. 1) 
were joined using inert-gas-shielded tungsten- 
are and consumable electrode processes. Ten- 
sile strength and elongation values for welds 
in various tempers of 2219 plate are plotted in 
Fig. 2. The highest strengths across the weld 

— i are achieved by reheat treating and aging to 
the T 62 temper after welding. Average prop- 

erties of specimens heat treated after being 
aged are shown in Fig. 2, top. In thicknesses 
nearly identical.t In this respect 2219 is su- up to and including 0.250 in., weld strengths 
perior to other weldable aluminum alloys, such {Electrode alloy 2319 has the same composition 
as 6061 and 2014, since they must be welded as 2219—6.1% Cu, 0.3% Mn, 0.15% Zr, and 
with dissimilar filler wires. The crack sensi- 0.10% V — except for the addition of 0.15% Ti to 

tivities of 2219 and other aluminum alloys are reduce hot-short cracking. 


Tensile Strength, 1000 Psi. 


Elongation, % 
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Bulge Pressure —~ 


Press Head 


Pressure Pad 
Hardened 


Bypass Valve 
Hydraulic Fluid 


Fig. 3 — Sketch of Hydraulic Bulge Test Equipment 


approach those of the parent metal: 71,000 psi. 
‘ensile, 42,000 psi. vield, and 11% elongation. 

Automatic tungsten-are welding produces 
ultimate strengths slightly higher than those 
attained with consumable-electrode or manual 
tungsten-arc welding. The strengths of welds 
in l-in. and thicker plate are considerably below 
that of the parent plate, even with a postweld 
heat treatment. Special aging treatments can 
increase weld properties to about 65,000 psi. 
tensile, 49,000 psi. yield and 10% elongation, 
but these should be used only after consulting 


the supplier of the material since susceptibility 
to stress-corrosion cracking may then become 
a problem. 

The strength and elongation of welds made 
in 2219-T 31 or T 37 sheet and plate, then aged 
to the T 81 or T 87 temper, are shown in Fig. 2, 


center. Figure 2, bottom, shows the tensile 
strength and elongation of as-welded joints in 
T 81 and T 87 temper material. The tensile 
strengths of welds in these two tempers are 
approximately the same for each gage. 

In the thinner gages, welds made in T 31 or 
T 37 temper sheet (postweld aged) developed 
vield strengths about 80% of the tensile strength. 
Welds made in T 81 or T 87 temper sheet de- 
veloped yield strengths of about 70% of the 
tensile strength. Tensile and yield strengths 
of the thinner gages are significantly higher 
when DCSP* automatic tungsten-arec welding 
is used. An exception is the as-welded condi- 
tion, where results are about the same for all 
welding methods. 

Significant reductions in both weight and 
cost can be achieved through the use of 2219, 
in thin gages, in place of lower-strength heat 
treatable alloys (such as 6061) by following the 
design rules outlined by H. N. Hill, J. W. Clark 


*Direct current, straight polarity. 
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Tooth Insert 
Seals 


Die ~ Hardened 


Insert 


Bolster 


Drain 


—— to Recorder 


Linear 


Bulge Height Follower — 
Potentiometer 


and R. J. Brungraber ( Proceedings of American 
Society of Civil Engineers, Structural Div., 
June 1960, p. 101). These rules consider the 
reduction in strength of the weld in heat 
treated or strain-hardened material, and pro- 
vide for taking advantage of the strength of 
the material in regions not affected by the heat 
of welding. Prior to the introduction of 2219 
alloy, weight savings in the high-strength alu- 
minum alloys could not be realized because 
strong, reliable welds generally could not be 
made, 

Welded structures sometimes can be designed 


Table I — Sensitivity of Various 
Aluminum Alloys to Weld Cracking* 


ALLOY 
INCHES OF 


CRACKING CRACKING 


PLATE FILLER 


6061 
5456 
2219 
5154 
2219 
2014 


4043 
5556 
2319 
5154 
2219 
2014 


*A T-joint, double-fillet weld specimen, discon- 
tinuously welded, was used in these tests. See ‘‘Weld 
Cracking of Aluminum Alloys’, by J. D. Dowd, 
Welding Journal Research Supplement, Vol. 31, No. 
10, October 1952, p. 448s-456s. 
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Bulge Stress, 1000 Psi. 
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2014 (2014 Filler) 
Solution Treated, 
Aged to T6 


NJ 


\ 


2219 (2319 Filler) 
Solution Treated, 
Aged to T62 


\ 
7075 (5154 Filler) ‘ 
Solution Treated, 
Aged to T6 


| 


Unwelded 
Sheet 


DCSP Wide 
Weld Weld 


Fig. 4 — Effect of Welding Conditions on Pro- 
perties Obtained in Bulge Test. All welds made 
on 0.064-in. sheet using DCSP-TIG equipment 
to determine the effects of the following weld- 
ing conditions: DCSP — automatic welding 
and feeding of filler metal; “cut strip” — an 
oversize strip of parent metal, placed between 
the weld joint, used as filler during automatic 
welding; “wide weld’— wider weld bead and 
heat-affected zone than normal (in effect, out- 
of-control manual welding); “repair”’— man- 
ual TIG-AC welding, with manual wire feed 


Cut Strip 
Weld 


Repair 
Weld 


so that the area to be welded is of larger cross 
section than the rest of the structure; this re- 
duces the stress in the weld. Alternatively, 
sometimes welds can be located in regions of 
lower stress. Even when these design concepts 
are used, structures of 2219 are often superior 
to those of stronger but less weldable alloys. 


Notes on Structural Performance 
In many instances, structural performance of 


welds in either high-strength aluminum alloys 
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or high-strength ferrous alloys may be difficult 
to predict by tensile and bend tests. To estab- 
lish the structural performance of 2219 alloy, 
hydrostatic tests of welded pressure vessels as 
well as standard tensile tests of welded panels 
were made. For comparison, we also obtained 
data on 2014, a less weldable alloy. 

Static tensile strengths of both 2219 and 2014 
alloy panels, heat treated and aged after weld- 
ing, were as high as those for the parent metal 
(100% efficiency). Hydrostatically tested pres- 
sure vessels of 2219 alloy showed about 75% 
efficiency with either welded or mechanically 
attached heads. Similar pressure vessels of 
2014 alloy showed about 35 to 70% efficiency, 
depending on the tank design. Those having 
welded: heads developed about half the strength 
of those with mechanically attached heads 
(Table II). 

The tanks having welded heads were fabri- 
cated by rolling sheet into a cylinder, welding 
the longitudinal seam, solution heat treating, 
welding heat treated dished heads to the cylin- 
der, and then aging the completed assembly. 
The 2219 alloy tanks always failed in the longi- 
tudinal weld; the 2014 alloy tanks always failed 
in the circumferential weld. The superior per- 
formance of tanks fabricated from 2219 alloy 
confirmed that sounder, more ductile welds 
were achieved. 

Hydraulic Bulge Test — This is an effective 
method for demonstrating weld performance 
under certain types of biaxial loading. The 
simple equipment shown in Fig. 3 quantitatively 
measures relative structural efficiencies of 
welds in high-strength aluminum alloy sheet 
up to 0.125 in. thick and, in addition, simulates 
biaxial stresses and bending encountered in 
many welded structures. An inexpensive, flat- 
sheet test specimen is clamped between jaws 
of the tester and bulged into the lower die by 
pressurized fluid. Measurement of pressure 
and height of bulge allows calculation of bi- 
axial stresses in the specimen at any point dur- 
ing the test. Bulge tests of manual welds in 
2219 and 2014 alloys, Table II, ranked the 
alloys in the same order as hydrostatic tests of 
pressure vessels. 

The results of bulge tests on 2219 sheet and 
welded sheet are listed in Table III. Welds 
that were heat treated and aged to the T 62 
temper exhibited strengths between 85 and 
100% of those of T 62 temper sheet and plate. 
As-welded or postweld aged assemblies 
achieved about 60% efficiency. 
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Table II — Results of Various Tests on Welded 2219 and 2014 


2219 


2014 


Srress, 1000 Psi. 


Max. Min. | Avc. 


EFFICIENCY*, % | 


Stress, 1000 Psi. 


c. | Min. | Ave. | 


Unwelded T 6 sheet, 
tensile 

Cross-weld tensile 

Welded tankst 
Mechanically attached heads 
Welded heads _ 
Bulge testt 51 


65 
41 
20 
42 


Note: All welds in 0.125-in. sheet except bulge test (0.064-in. sheet). 
Welds in 2014 made with 2014 filler, heat treated and aged to T 6 temper. 


samples. 


Manual welding procedure used on all 
Welds in 2219 made"with 


2319 filler, heat treated and aged to an experimental T 6 temper. 


* Efficiency =maximum sustained stress/tensile strength. 


Stress = — 
res 


p R =radius of curvature, in. 
tStress = 


With presently used commercial welding 
practices, welds having high tensile efficiencies 
can be produced in alloy 2219, but welds in 
most other high-strength alloys will have lower 
efficiencies. When relatively poor welding 
practices are used, reheat treated welds in 2219 
alloy develop better structural strength and 
ductility than similar welds in 2014 and 7075 
alloys. This is shown in Fig. 4. 

Corrosion Resistance — As discussed in de- 
tail in Part I of this series, the general resistance 
to corrosion of 2219 is comparable to that of 
other high-strength aluminum alloys (such as 
2014 and 2024) when artificially aged. In addi- 
tion, fabricated products and welds of 2219 are 
not susceptible to stress-corrosion cracking 
when used in the recommended artificially aged 
tempers (T 62, T 81 and T 87). 

Attraetive for many structural applications 
because of its desirable combination of high 
strength, excellent weldability, and corrosion 
resistance, alloy 2219 is utilized in several 
guided missiles, such as the Bomarc, and is 
being considered for use in many other situa- 
tions. These include air-transportable military 
equipment, ground-support equipment for mis- 
siles, truck bodies and beds, and similar appli- 
cations where a weldable alloy having a high 
strength-to-weight ratio is desired. Alloy 2219 
has excellent properties at both elevated and 
subzero temperatures and therefore is being 
considered for both cryogenic and_high- 
temperature applications. Because of its high 
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p =hydrostatic pressure, psi.; D =mean diameter, in.; t = thickness, in.; 


Table Ill — Average Bulge-Test Properties 
of 2219 Sheet (0.064 to 0.125 In.) 
Welded With 2319 Alloy 


STRENGTH*, HEIGHT 
1000 Ps. In. 


Test MATERIAL 
AND CONDITION 


Sheet Specimens 
T 81 Sheet | 66.8 1. 
T 87 Sheet 71.2 I. 
T 62 Sheet | 57.7 l. 


€ 


Automatic Welded Bulge-Test Specimens 


As-welded 43.9 0.48 
(T 81 or T 87) 
Postweld aged a 0.48 
(T 31 to T8I or 
T 37 to T 87) 
Welded, then heat 1.16 
treated and aged 
(0 or F to T 62) 
Manual Welded Bulge-Test Specimens 
As-welded | 39.4 
(T 81 or T 87) 
Postweld aged 
(T 31 to T8l1 or 
T 37 to T87) 
Welded, then heat 47.9 
treated and aged 
(0 or F to T 62) 


| 40.7 


oR 
*Bulge strength = , where p = hydrostatic 
t 
pressure, psi.; R =radius of curvature, in. (calculated 
from bulge height); t= original sheet thickness, in. 


resistance to attack by certain chemicals — 
hydrogen peroxide, ammonium nitrate, red 
fuming nitric acid, for example — 2219 is also 
suitable for welded storage tanks containing 
these active chemicals. 8 
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Welding 2219 Aluminum 
for Bomarc Fuel Tanks 


By STANLEY L. SEARS 
and RICHARD S. CRIAL* 


This important application, the first for 2219, has verified 

the manufacturing adaptability of the alloy. No other aluminum alloy 
has comparable reliability in pressure-vessel applications 

where postweld heat treatment is required. The most readily welded 
of the heat treatable aluminum alloys, it has a high 

strength-to-weight ratio and formability comparable to 2024. 


(Kld, G-general, T24; Al-b, 17-57) 


SUPERIOR ENGINEERING AND MANUFACTUR- 
ING characteristics are required for complex 
thin-walled tanks used in today’s space vehicles. 
Because of the excellent properties of alloy 2219 
for pressure vessel applications, Boeing selected 
it for the Bomarc IM99B ramjet fuel tank. Alloy 
2014 was tried and found unsatisfactory because 
of low weld ductility in the heat treated condi- 
tion and serious difficulties with weld repairs. 
To establish weld capabilities, hundreds of 
base-metal specimens and welded tensile and 
bend specimens were tested at both room and 
elevated temperatures. Burst diaphragm bulge 
tests revealed average burst pressures for 
welded 2219 diaphragms more than 100% higher 
than those of welded 2014 diaphragms and 30% 
higher than those of welded 6061 diaphragms. 


*Research Engineers, Development Section, 
Aero-Space Div., Boeing Co., Seattle, Wash. 
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Thirty-three test tanks fabricated from 2219, 
2014 and 6061 were hydrostatically tested to 
determine the performance capability of 2219. 
The difference between minimum and maxi- 
mum burst pressures of the 2219 tanks was 
only 4.5%, whereas the variance in the 2014 
tanks was 45%. Average failure pressure of 
the 2219 tanks was about 1% higher than that of 
the 2014 tanks despite the 12% higher ultimate 
strength of 2014. 


Assembly Procedure for Fuel Tank 


The ramjet fuel tank is a basic part of the 
missile body structure. Approximately 9 ft. long 
and 35 in. in diameter (Fig. 1), it is of rolled- 
sheet construction, with roll-forged rings at 
the critical wing and ramjet engine attachment 
points and at the head-to-shell transition areas. 
The machined rings of 2219 are ultrasonically, 
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Fig. 1 — Ramjet Tank 
Showing Completed 
Tank Exterior With 
Bolted-On Fairing At- 
tach Points and Wing 
Attach Location 


Fig. 2—Chromium-Plated Backup Tool 
for Fuel Outlet Fitting Weld. Micarta 
centering plug prevents damage to fitting 
threads. Groove transmits protective gas 
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radiographically and penetrant inspected be- 
fore they are welded to the shells. After rolling, 
the shells are chem-milled, then longitudinally 
welded and trimmed to length. Between 20 
and 45% of the original thickness (0.160 and 
0.250 in.) is chem-milled from selected shell 
areas for weight reduction. A total diametral 
allowance of 0.080 in. is added for shrinkage 
during welding and heat treatment. To insure 
roundness and part fitup, a Grotnes hydraulic 
sizing machine is used. 

Semielliptical tank heads are draw-formed 
from 0.100 and 0.120-in. thick sheet and 
trimmed to fit the roll-forged and machined Y- 
rings. The 0.100-in. thick aft-head is center 
bored for a 6-in. 'iameter fuel outlet _ fitting. 
Held on a chrom 1-plated backup tool (Fig. 
2), the outlet fitting and aft-head are welded 
together from the outside in the downhand 
position on a rotary positioner. This backup 
tool has minimized weld defects, which could 
often be traced to the overlapping of the weld 
tail-out and the weld start. These defects were 
caused by oxidation during the weld start and 
by entrapment of air or gas at the point of 
overlap. The groove in the backup allows the 
use of argon to shield the start area and provide 
an escape route for entrapped gas when the 
weld overlaps the start area. 

Both the head and Y-ring subassemblies are 
welded from the inside in the downhand posi- 
tion on a tilted rotary positioner, as shown in 
Fig. 3. The head is held in shape for welding 
to the Y-ring by a contoured vacuum platen 
(Fig. 4). A forged connecting ring is welded 
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to the forward-head Y-ring and a flanged skirt 
(for support during heat treatment) is welded 
to the aft-head Y-ring (Fig. 5). This sup- 
port flange and the weld is removed after heat 
treatment of the tank assembly. 

Two of the shell-to-forging subassemblies 
are then circumferentially welded. The aft- 
head subassembly is welded to one of these 
(Fig. 6) and the two sections are then welded 
to form the complete tank (shown in Fig. 1). 
There are 11 110-in. circumferential welds, two 
93-in. circumferential head welds, and about 
100-in. of longitudinal welds in the completed 
tank. 

Expanding mandrels, shown in Fig. 7, are 
used to insure matched fitup for all circum- 
ferential welds. Initially, stainless steel backup 
shoes were used with these mandrels because 
shoes made of copper smeared the aluminum 
parts during mandrel expansion. However, 
severe warpage of the stainless shoes created a 
replacement problem, and the high-pressure 
contact of the shoes with the part caused the 
weld underbead to stick to them. When the 
part was removed, small slivers of aluminum 
were pulled out of the underbead. It was 
found that copper shoes plated with chromium 
provide an excellent parting surface and also 
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Fig. 3— Complete Head- 
to-Y-Ring Assembly, 
Ready to Weld. Note con- 
veniently located  oper- 
ator controls and meters, 
large radius of curvature 
in wire delivery tube 


prevent copper pickup. In addition, they are 
easily cleaned and do not warp. 


Processing Specifications Are Exacting 


All parts are meticulously cleaned prior to 
welding. Rolled sheet is vapor degreased and 
then etched or chem-milled. Subsequent clean- 
ing is limited to vapor degreasing, solvent de- 
greasing, or mechanical cleaning. The etching 
process consists of deoxidizing in an alkaline 
solution, rinsing in hot water, acid dipping for 
smut removal, rinsing in hot water, and drying 
in hot air. The chem-mill process uses an alka- 
line etch with similar rinsing cycles. No etch- 
ing is allowed on as-welded parts because the 
weld zone is susceptible to intergranular attack. 

Because all parts are not welded immediately 
after the etching process, they are wrapped, 
and then stored on specially designed dollies. 
Welding preparations consist of the following: 
Wipe parts with solvent; buff with a rotary, 
stainless-steel wire brush; install on weld posi- 
tioner; scrape all abutting surfaces to expose a 
fresh metallic surface; chamfer all corners; 
polish with stainless steel wool. After the weld 
fixture is closed, a setup mechanic corrects any 
minor mismatch and requests inspection ap- 
proval for welding. 
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Table I — Weld Settings for a Longitudinal Weld, 
Forward Center Shell, Bomarc Ramjet 


Material: 0.160-in. 2219 alloy (0 to T 6) 
Joint type: square butt 

Bevel angle: none 

Root opening: none 
Travel speed: 14* and 12¢ in. per min. 
Weld current: 150* and 125 amp. 
Are voltage: 12* and 14¢ v. 
Wire feed: 5 to 35* and 20 to 60+ in. per min. 
Wire material: 0.062-in. 2319 alloy 
Electrode: W-2% Th (120°) 
Inert gas: He (75 cu.ft. per hr. at nozzle) 
Backup: chromium-plated copper 
Welding head: DCSP 


*First pass. 

tSecond pass. 

{First pass: 3/32-in. diam., 60° tip; Second 
pass: 1/8-in. diam., 120° tip. 


Welding Procedure 


Welds are made with TIG-DCSP* equip- 
ment (Fig. 8) for the best combination of me- 
chanical properties and weld quality. Only weld 
settings certified by Boeing and the Air Force 
are used on production welds. All joints and 
tools have individual certified weld settings, 
developed by the master welder on simulated 
parts. Specimens cut from these welds are 
heat treated, metallographically examined, and 
tested for mechanical properties. Table I 
shows a typical certified weld setting. 

We also tried a titanium backup bar (low 
heat conductivity) for single-pass welds. The 
experimental settings—using high welding 
current (275 amp.) and fast wire-feed rates (68 
in. per min.)— produced welds with slightly 
improved ductility. Single-pass welds are ex- 
tremely sensitive to minor fluctuations in cur- 
rent, voltage, travel speed, and wire-feed rates. 
With single-pass welds, we could not obtain 
consistent, high quality on 0.25-in. 2219 plate 
without using a backup bar of low heat con- 
ductivity. 

To reduce defects, care must be taken in 
preparing and making the original weld. As 
an example, a preset tail-out sequence is used 
in which weld current and wire feed are re- 
duced while voltage is simultaneously in- 
creased. This produces a long tapered tail-out 
weld bead with minimum cracking tendency in 
the crater. A crack which can be identified 
with the original crater sometimes occurs after 


*Inert gas, tungsten arc; direct current, straight 
polarity. 
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Fig. 4—(Top) Welding Fixture for Joining 
Y-Ring to Tank Head on a Rotating Tilt Posi- 
tioner. Note chromium-plated backup ring 
and external vacuum holddown platen. (Bot- 
tom) Tank head in position on external vacuum 
platen. Internal holddown platen is ready 
to lower into place after Y-ring is installed 


heat treatment, though no defect is revealed 
in the original x-ray of the weld. Special atten- 
tion to the tail-out and the use of automatic 
downslope timers have minimized this problem. 

Early in the Bomarc program, an increase in 
the defect rate was traced to use of impure 
helium. Thereafter, each bottle of helium was 
tested on a trial weld and graded as acceptable 
for welding of aluminum. Gas purity is now 
guaranteed by the vendor and this weld test 
is no longer required. Only helium is used with 
TIG-DCSP welding on 2219 because of poor 
weld-bead geometry and low radiographic 
quality of the welds made with other shielding 
gases. 

Welding processes other than TIG-DCSP 
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Fig. 5— Fitting and Heat Treat Sup- 
port Flange on Ramjet Tank. Hole is for 
a “bonded-on” pressure tap; inked-on 
numbers are used in x-ray film indexing 


have been investigated. Welds made with 
balanced-wave, AC-TIG equipment have not 
shown any quality advantage and produce 
somewhat lower mechanical properties. Wider 
heat-affected zones and larger weld nuggets 
are also obtained. 

Welds made with the MIG* process could 
not meet quality or ductility requirements. 
However, the short-arc stabilized (SAS-MIG) 
process is promising. Radiographic quality 
standards can be met and as-welded ultimate 
and yield strengths exceed those of correspond- 
ing TIG welds. Elongation and notched ulti- 
mate strength are slightly lower than on welds 
produced by TIG-DCSP. 

After the tank components are welded, the 
top bead and underbeads are shaved almost 
flush with the surface to meet aerodynamic 
requirements. Shaving removes surface and 
near-surface defects commonly associated with 
the normal oxide layer of the weld. A dye- 
penetrant and visual inspection is made for 
cracks, exposed porosity, and undercutting. 
Defects found by these methods are removed 
and repaired. 


Requirements for Weld Repair 


All welds must meet Bomarc weld quality 
specifications, which are equivalent to ABMA 
(Army Ballistic Missile Agency) Class II re- 
quirements. The present defect rate averages 


*Consumable electrode, inert-gas shielded. 
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Fig. 6 — Aft-Head Subassembly Is Circumferentially 
Welded to a “Shell-to-Forging” Subassembly. Blad- 
der attach ring, ramjet attach frame, and channeled 
fuel colander are shown. Note chem-milled areas 


Fig. 7 — Expanding Mandrel with Chro- 
mium-Plated Backup Shoes Insure Matched 
Fitup on All Circumferential Welds 
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8 in. of defects per 1000 in. of original weld. 
Porosity is the most common defect, and inclu- 
sions rank second. The incidence of cracking 
is very low and can usually be traced to some 
deviation from established practice. 

To locate and repair a defect, we index the 
x-ray film which shows the defect, and mark 
its position on the part directly from the film. 
A mechanic experienced in locating defects 
determines whether the repair is to be made on 
the interior or exterior of the tank. After the 
defect is exposed, it is removed with a small 
radial milling cutter. Complete removal is 
verified by inspection with penetrant or x-ray. 
The cutout area is then shaped to the optimum 
configuration for easy manual repair welding. 
Minimum metal removal is mandatory to reduce 
the extent of the relatively brittle repair weld 
and to minimize distortion. For good weld 
quality the cut must be clean and have a 
surface finish equivalent to 32 rms. 

Repair welds are made with manual TIG 
(balanced wave, high-frequency _ stabilized) 
welding equipment employing alternating cur- 
rent. No preheating is required for the rela- 
tively thin material used in the Bomarc tanks. 
Tank Is Heat Treated 

After final weld acceptance, the tank is fitted 
with external holding fixtures to provide ver- 
tical support during solution heat treating and 
immersion quenching. The fixture clamps to 
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Fig. 8 — Tank Subassembly Is Ready 
for TIG-DCSP Welding in Expand- 
ing Mandrel Headstock and Tailstock 


a specially flanged skirt on the upper end of 
the tank. Tooling must allow for expansion 
and contraction and provide adequate support 
(about 75% of tank weight) while the tank is in 
a weakened condition at 1000°F. Within 10 
sec. after it is removed from the bottom-loaded 
vertical furnace, the tank is submerged in 
150° F, water. The hotter quench temperature 
minimizes the distortion that is usually encoun- 
tered in water at 60°F. Artificial aging to the 
T 61E46* temper is accomplished at 350° F. 
for 12 hr. 

The mechanical properties of welds in the 
T 6E46 condition are the highest of any obtain- 
able with this alloy (65,000 psi. tensile, 47,000 
psi. yield, and 12% elongation). The higher 
quenching temperature (T61E46) produces 
slightly lower strength. Tensile strength is 
reduced by 5,000 psi. and yield strength by 
3,000 psi.; elongation is improved by about 3%. 

A final inspection of all welds with dye pene- 
trant is made to insure that no cracking occurred 
during heat treatment. Se 


*This is a Boeing designation for a modification 
of the T6E46 temper. The “1” indicates a 
150° F. rather than 60° F. quench. E46 indicates 
a nonstandard heat treatment developed by Alcoa. 
Treatment should be used with care, since suscepti- 
bility to stress-corrosion cracking may become a 
problem. 
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Malleable Irons . . 


Versatile Engineering Materials 


During the last decade, the foundry industry has made 


HANS J. HEINE* 


significant progress in advancing the technology of malleable irons. 
More is known about machinability — one of the greatest assets 
of these engineering materials — and recent studies 

confirm their excellent stress-rupture properties to at least 800° F. 


(Q-general, G17k; CI-s) 


Ion 1s OFTEN REFERRED TO as 
though it were a single product, all of one 
class or grade, when, in fact, three classes and 
numerous grades with wide ranges of mechani- 
cal and engineering properties are regularly 
produced. Of the three classes of malleable 
iron, two are of principal importance. One is 
ferritic malleable, which consists largely of 
ferrite interspersed with nodules of temper 
carbon. Produced in two grades, ferritic mal- 
leable leads the field in production volume. 

The second major class includes the pearlitic 
malleables. These contain some carbon in the 
combined form because of special heat treat- 
ment, alloying or both. A third class, alloyed 
malleable, is completely graphitized. It has a 
ferritic matrix and owes its higher strength to 
alloy content. 

The range of applications for malleable irons 
is a wide one. In size, it extends from small 
chain links, weighing a fraction of an ounce, 
to giant ingot molds weighing 3960 Ib., with 
some sections more than 7 in. thick. In design, 
it comprises both the simple shapes of rings, 
washers and blocks, and complex structures 
such as gear cases. In utility, applications 
extend from ornamental iron railings — with fine 
finish and excellent detail—to highly stressed 
automotive universal joint yokes and flanges 
of pearlitic malleable iron. 


Important Properties 


The Metal Progress Data Sheet on p. 96-B 
presents minimum strengths listed in A.S.T.M. 
specifications along with other important engi- 
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neering properties of malleable irons. It can 
be seen that these casting materials possess 
tensile strengths similar to those of many steels. 
In addition, the yield strengths of malleable 
irons are 65 to 75% of their tensile strengths. 
A high ratio of fatigue strength to tensile 
strength is also a characteristic of malleable 
irons; it ranges from 0.4 to 0.6. And the damp- 
ing capacity of malleable iron — ability to ab- 
sorb impact forces and dissipate the energy as 
heat rather than vibration — is about three times 
that of steel and twice that of nodular iron. 

Impact Resistance — The two standard im- 
pact tests —Charpy and Izod — give identical 
values (14 to 17 ft-lb.) for malleable when V- 
notched bars are tested. These values are 
slightly superior to those of nodular iron (10 
to 15 ft-lb.) but not as high as those of steel 
(11 to 34 ft-lb.). Unnotched malleable speci- 
mens, as expected, show much higher impact 
strengths. A machined test bar, smaller than 
that used for Charpy and Izod tests but with- 
out a notch, is capable of withstanding two 
to three times the loads applied in the Charpy 
tests. The table below shows results of a 
tensile-impact test, using the smaller test bar 
and a pendulum-type impact machine accord- 
ing to A.S.T.M. specifications: 


ELONGA- TENSILE- Impact 
TENSILE TION IMPACT ELONGa- 
STRENGTH IN 2 IN. STRENGTH TION 
54,300 psi. 21% 43.5 ft-lb. 11% 
57,200 14.5 25 6 


*Technical Director, Malleable Founders So- 
ciety, Cleveland. 
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Corrosion Resistance — The corrosion resist- 
ance of malleable irons in common weathering 
conditions, water and salt water is better than 
that of medium carbon steel and wrought iron. 
This is due to a shallow (0.008 to 0.010 in.) skin 
of ferrite on malleable castings which is highly 
resistant to most ordinary atmospheric condi- 


. tions and salt water. Even after machining, 
the ferrite matrix still provides good corrosion 
resistance. Copper, added alone and in combi- F : ee 
‘ ; Ring Gear of Pearlitic Malleable 
° nation with molybdenum, improves resistance 


to atmospheric corrosion. Copper additions, 
in particular, improve resistance to sulfurous 
atmospheres, and in alloyed malleables, copper 
contents of up to 2.00% also increase resistance 
to corrosion by flue gases. 


Where Malleable Irons Are Used 


As the Data Sheet shows, ferritic malleable 
irons, grades 32510 and 35018, have good 
strength, a high ratio of yield to tensile strength, 
and excellent ductility. Because of their good 
castability, toughness, fatigue strength, and 
excellent machinability, the ferritic grades are 
desirable for many automotive, agricultural im- 
plement, railroad, and general industry appli- 
cations. A new nitriding process (see “A New 
Nitriding Process From Germany”, Metal Prog- 
ress, July 1961, p. 77) shows definite possibilities 
for application to ferritic malleable castings. 
It can be used to overcome the inherent soft- 
ness of the material, opening the door for 
new uses where wear resistance is necessary. 

Pearlitic malleables are primarily employed 
for components requiring wear resistance, high 
hardness, hardenability, and high strength. The 
modulus of elasticity is high (28 x 10° psi.) and Pipe Vise of 
castabilitv, toughness, and machinability are Ferritic Malleable 


Keel Roller for a Boat Trailer 


retained. 


Case Histories 


A good example of the application of ferritic 
malleable is its use in handles for air-powered 
impact wrenches. Here the primary need is for 
fatigue strength because the handle must with- 
stand repeated impact loads as it cuts metal, 
breaks welds, splits nuts, shears bolts and 
punches out pins. Malleable was chosen on the Pearlitic Malleable 
basis of its high yield strength and favorable Gear 

ductility which eliminated breakage near the 
area of impact on the casting. 

Where machinability and wear resistance 
are necessary, many parts are made of pearlitic 
malleable. Camshaft and idler gears, used in 
V-6 and V-12 truck engines, are typical appli- 


Pearlitic Malleable Drive Gears 
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(Bhn. 250) 


| 
Grade 60003 
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Cutting Speed, Ft. per Min. 


cations for which pearlitic malleable is used 
because of its excellent machinability and 
wear resistance. In the original material from 
which these parts were made, machinability 
proved inadequate and the tolerances of the 
teeth were difficult to maintain. Two grades 
of pearlitic malleable (60003 and 80002) were 
tried and both improved machining character- 
istics. Oil-quenched 80002 was chosen because 
it proved the most wear resistant of the two. 
The idler gear shaft was converted from a 
forging at the same time to take advantage 
of a 14% cost reduction. 

There are numerous applications requiring 
wear resistance which have in the past pre- 
cluded the use of ferritic malleable iron. Stud- 
ies by the Malleable Founders Society reveal 
that the new nitriding process previously men- 
tioned can increase wear resistance by a factor 
of 10 and fatigue strength by almost 30%. This 
should expand use of ferritic malleable iron in 
many applications. 

When requirements call for high strength 
along with wear resistance, pearlitic malleables 
should be specified since they are inherently 
stronger and more wear resistant. In addition, 
pearlitic irons show excellent response to local- 
ized hardening; they have hardenability charac- 
teristics similar to those of A.I.S.I. 1340 and 
4045 steel. A hardness of Rockwell C-50 is 
readily obtainable on thickness of 1 in. or less. 


High-Temperature Properties 


An investigation of high-temperature charac- 
teristics of malleable castings has revealed ex- 
cellent stress-rupture properties up to at least 
800° F. This is particularly true of the pearlitic 
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Fig. 1—Curves Relating Cutting 
Speed (for Underskin Finish Cuts) 
With Tool Life Are Based on Exten- 
sive Data Gathered During Machin- 
ability Study Made by Malleable 
Founders Society. To obtain data 
presented here, each sample was 
machined with a C2 carbide tool; 
test was ended when 0.015-in. wear- 
land developed. Tool geometry: back 
rake, 0°; side rake, 5°; side-cutting 
edge angle, 15°; end-cutting edge 
angle, 15°; relief, 5°; nose radius, 
3/64 in.; feed, 0.007 in. per rev.; 
depth of cut, 0.010 in.; cutting fluid, 
soluble oil (1 part oil, 20 parts water) 


malleables which may be satisfactory in some 
applications at temperatures as high as 1200” F. 
( For further information see “Properties of Mal- 
leable Iron at Elevated Temperatures”, Metal 
Progress, March 1960, p. 102.) The study points 
out one significant fact: The strength of malle- 
able iron decreases at a uniform, gradual rate 
with increase in temperature because no graphi- 
tization takes place; there is no abrupt decrease 
in rupture strength. Additional tests on pearl- 
itic malleable irons containing manganese and 
molybdenum indicate a considerably higher 
rupture strength at elevated temperatures than 
that found in unalloyed irons. 


New Data on Machinability 


One of the principal advantages of malleable 


iron is its excellent machinability. This has 
been confirmed by a study made recently by 
the Malleable Founders Society. Curves re- 
lating tool life to cutting speed, surface finish, 
and cutting fluid have been obtained for both 
ferritic and pearlitic malleable irons. Figure | 
presents typical data on turning four grades of 
malleable iron for underskin finish cuts. 

In addition, the study has brought out these 
conclusions: 

* Cutting speed can be increased 10 to 50% 
in certain turning operations when a soluble- 
oil cutting fluid is employed as opposed to dry 
cutting. 

* Negative rake tools are superior to positive 
rake tools for coarse underskin cuts at high feed 
rates. 

At high feed rates, a tool nose radius of 1/16 
in. (compared with a 3/64-in. radius) greatly 
improves surface finish. oe 
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How Nickel helps make timekeeping history 


Electronic tuning fork made of a Nickel alloy represents the bination of properties to meet the most 


most basic advance in personal timekeeping in 300 years 


A watch you don’t need to wind. A watch 
without mainspring, balance wheel, or 
hairspring. A watch that doesn’t gain or 
lose more than 2 seconds out of every 
86,400! 

The secret of the fantastic timekeeping 
accuracy of Accutron* is a precision 
tuning fork that vibrates more than 31 
million times every twenty-four hours— 
day after day, week after week, month 
after month... powered by a button-size 
battery. 

Toassure the faultless, electronic meas- 
urement of time, the tuning fork’s in- 
cessant vibration must remain constant 
under a wide range of temperatures and 
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all sorts of shock and impact that can 
occur in day-to-day watch wear. 

That’s why electronic engineers chose 
Ni-Span-C* alloy (42% Nickel) for the 
heart of this space-age marvel.This high 
Nickel alloy maintains the fork’s vita 
stiffness at temperatures from 0° to 
150° F ... fights off damaging corrosion 
and oxidation. 

Just as Nickel helps give this watch’s 
mechanism exceptional reliability, so 
too Nickel can increase the reliability 
of hundreds of alloys under many 
severe conditions—great heat, cold, cor- 
rosion, or stress. Alone, or with other 
elements, Nickel gives alloys the com- 


Circle 1922 on Page 48-B 


demanding metals needs. 

Perhaps Nickel or a Nickel alloy can 
help solve your metal problem. To find 
out, just write to Inco. 


*Bulova Watch Company, Inc, trademark, 
+ Registered trademark, Inco, 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street 4\.. New York 5, N. Y. 


INCO, 


INCO NICKEL 


MAKES ALLOYS PERFORM 
BETTER LONGER 
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Properties and Applications of Malleable Iron Castings 


MECHANICAL PROPERTIES 


DESIGNA- | | 1 OTHER PROPERTIES TypicAL APPLICATIONS 
SrRENGTH*® | SrRENGTH* IN 2 IN.* HARDNESS | 
Ferritic = 
Modulus of elasticity in ten- | Iron grillework, railroad car 
| | sion: 25 < 10° psi.; fatigue | hardware, hand tools, high- 
35018 53,000 psi. | 35,000 psi. 18% 110-156 strength: 40 to 60% of ten- | pressure parts, hardware 
| | sile strength; damping ca- | for oil industry. 
J | pacity (energy lost in one 
* | vibration cycle): 4.2% at 
| | 30,000 psi.; compressive 
| strength: 200,000 psi.; tor- | Gear cases and housings, 
& 32510 50,000 32,500 10 110-156 sional strength: equals ten- | chain links, auto hinges, 
7 | | sile strength; shear strength: brackets, mounting pads, 
4 | | 80 to 90% of tensile strength | brake shoes, wheel hubs. 
Pearlitic 
45010 65,000 45,000 | 10 163-207 | 
45007 | 68,000 45,000 7 | 163-217 Modulus of elasticity in ten- | sion cases, artillery shells, 
sion: 26 10° to 28 10° | gears, farm implement 
48004 70,000 48,000 4 | 163-228 psi.; fatigue strength: 40 to | parts. 
60% of tensile strength; 
i 50007 75,000 50,000 7 179-228 ‘| damping capacity (energy 
53004 80,000 60,000 4 197-241 | — 
60003 80,000 60,000 3 | 997.255 | Pistons for diesel engines, 
| psi.; torsional strength: 
ifferential axle cases, rock- 
80002 100,000 80,000 2 | 241-269 | equals tensile strength; | | os clutch hubs. trans- 
shear strength: 70 to 80% 
mission gears, universal 
joint yokes, crankshafts, 
idler gears and shafts. 


* ASTM minimum 


Recommended Cutting Conditions for Turning Four Grades of Malleable Iron 


Type or Cutr* 


1 


CuttTinG SPEED, 


FEED, 


Deptu oF Cut, 


Toor Lire, 


| 


Gaape Fr. pER MIN. In. PER REv. IN. MIN. 
32510 Roughing skin 450 0.015 0.100 25 
(Bhn. 109) 400 0.030 0.100 22 

| Coarse underskin 750 0.015 0.060 29 
550 0.030 0.060 30 
| Finish 1500 | 0.003 0.010 32 
| 1300 0.007 0.010 
48004 Roughing skin | 200 0.015 0.100 34 
(Bhn. 179) | 150 0.030 0.100 29 
| Coarse underskin 300 0.015 0.060 | 35 
| 225 0.030 0.060 35 
| Finish 650 0.003 0.010 30 
| 500 0.007 | 0.010 32 
60003 | Roughing skin 150 0.015 | 0.100 35 
(Bhn. 230) 125 0.030 0.100 27 
| Coarse underskin 225 | 0.015 0.060 30 
175 0.030 0.060 28 
Finish 500 0.003 0.010 32 
| 450 0.007 0.010 28 
80002 | Roughing skin 150 | 0.015 0.100 35 
(Bhn. 250) 100 0.030 0.100 35 
Coarse underskin 150 0.015 0.060 45 
100 0.030 0.060 40 
Finish 400 0.003 0.010 $5 
300 0.007 0.010 42 


* Tool geometry for roughing skin and coarse underskin cuts: 
geometry for finish cuts: 0° BR, 15° SCEA; 5° SR, 15° ECEA; 5° relief. 

All tests were made under the direction of the Machining Subcommittee of the Malleable Founders Society, Cleveland. 
Grade C-2 cutting tools were used with soluble-oil cutting fluid. ( 
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5° BR, 15° SCEA; —5° SR, 15° ECEA; 5° relief. 


Tool 


Tests were discontinued at a uniform wearland of 0.015 in. 


re 
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A Metal for Service 
at Both Cryogenic 


and Ultrahigh Temperatures 


at high temperature. 


Mansy METALS ARE SUITABLE for use at 
cryogenic temperatures and others can be em- 
ploved at very high temperatures. Now under 
development for high-temperature applications 
is a metal which also has excellent cryogenic 
properties. This metal is tantalum. 

Tantalum is well known for its excellent cor- 
rosion resistance and electronic properties. Its 
high density, low strength, and restricted availa- 
bility were the chief reasons why it was origi- 
nally »ypassed in favor of the more plentiful 
and less dense columbium and molybdenum. 

Although early workt had shown that tan- 
talum was somewhat weaker at high tempera- 
tures than its high melting point suggested, 
certain inherent properties indicated that it 
should have great potential as a base for the 
development of high-temperature alloys. Of 
particular importance are its excellent low- 
temperature ductility and its high tolerance for 
interstitials. These advantages, coupled with 
its high melting point and potential high-tem- 
perature strength (based on the principles de- 


*Mr. Ogden is chief, Nonferrous Metallurgy 
Div., Battelle Memorial Institute, Columbus, Ohio, 
and Mr. Perlmutter is chief, Physical Metallurgy 
Branch, Directorate of Materials and Processes, 
Aeronautical Systems Div., Air Force Systems Com- 
mand. The data on tantalum allovs presented 
in this article were developed under Air Force 
Contract No. AF 33(616)-5668. 

t“Temperature De epe ndence of the Tensile Prop- 
erties of Tantalum,” by J. W. Pugh, Transaction 


A.S.M., Vol. 48, 1956, p. 677-688. 
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Tantalum alloys may be useful for parts requiring a combination 
of toughness at cryogenic temperatures with strength 
(Q-general, 2-62, 2-63; Ta) 


By H. R. OGDEN 
and I. PERLMUTTER* 


rived by Dorn} relating activation energy for 
creep to that of self-diffusion), appeared suffi- 
ciently attractive to the U.S. Air Force to initiate 
development programs on tantalum. 


The Unalloyed Metal 


Tantalum, along with columbium and vana- 
dium, are the Group V-A transition elements, 
and like the Group VI-A elements (tungsten, 
molybdenum, and chromium), they have the 
body-centered cubic crystal structure. How- 
ever, in many respects, the Group V-A elements 
differ from the Group VI-A elements. 

In general, the Group V-A metals have low 
moduli of elasticity, high solubility for the 
interstitial elements, and good ductility at low 
temperatures. The Group VI-A me tals, on the 
other hand, have very high moduli of elasticity, 
very low solubility for the interstitial elements, 
and undergo a ductile-to-brittle transition at 
room temperature or above. The € Group V-A 
metals retain their ductility in the recrystallized 
condition, whereas the Group VI-A metals are 
ductile to lower temperatures in the wrought 
or fibered condition as compared to the re- 
crystallized condition. 

The low-temperature ductilities (and tensile 
strengths) of the four important refractory 
metals are shown in Fig. 1. Of these refrac- 
tory metals, only tantalum does not undergo 

t’The Spectrum of Activation Energies for 
Creep,” by J. E. Dorn, Creep and Recovery, A.S.M., 
Cleveland, Ohio, 1957, p. 255-283. 
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Fig. 1 — Strength and Ductility of Re- 
fractory Metals at Low Temperatures 


a ductile-brittle transition at subzero tempera- 
tures. Barrett* has reported ductility in tanta- 
lum at 4.2°K. (—451.8° F.). Also, it is shown 
that the tensile strength of the refractory metals 
increases very rapidly with decreasing temper- 


Metallurgy at Low Temperatures,” by C. S. 
Barrett, Transaction A.S.M., Vol. 49, 1957, p. 53- 
117. 


Table I — Properties of Annealed Tantalum Alloys at Cryogenic and Ultrahigh Temperatures 


ature at low temperatures. This phenomenon 
has been associated with body-centered cubic 
metals and is considered to be indicative of 
the ductile-to-brittle transition. However, it 
should be noted that of the refractory metals, 
only tantalum retains ductility while, at the 
same time, exhibiting this rapid increase in 
tensile strength. 


Tantalum Alloys 


Studies on the development of columbium- 
base alloys have shown that the improvement 
in strength obtained through alloying has been 
made at a sacrifice in ductility at low tempera- 
tures. Perhaps this resulted from using Group 
VI-A elements as alloying additions so that the 
columbium alloys take on some of the character- 
istics of the Group VI-A elements. 

In developing tantalum-base alloys, one of 
the approaches has been to improve high- 
temperature strength without sacrificing low- 
temperature ductility by alloying only with 
Group V-A elements. This approach has re- 
sulted in a family of alloys which have strength 
levels comparable to molybdenum and colum- 
bium alloys, while maintaining the excellent 
cryogenic properties of unalloyed tantalum. 
An added feature in this family of alloys is the 
decrease in density which is obtained when 
columbium and vanadium are added. The 
30 Cb, 7.5V tantalum alloy has a measured 
density of 0.426 lb. per cu.in. compared to 
0.600 Ib. per cu.in. for tantalum. 


Ductility Extends Over Broad Range 


Typical properties of three tantalum-colum- 
bium-vanadium alloys and high-purity tantalum 
over the range of —320°F. to 3000°F. are 
given in Table I. It should be noted that duc- 


30 Cb, 7.5 V TANTALUM 30 Cb, 10 V TantaLum 


TANTALUM 30 Cb, 5 V TANTALUM 
TemP., Yierp Unriare | | ¥ J 
| Uv 1ELD | ULTIMATE | 
F- | 1000 Psi. | 1000 Pst. | | 1000 Pst. | 1000 Psi. | 
i | | 


Yretp | ULTIMATE | ULTIMATE ‘ 


1000 Pst. | 1000 | | 1000 Ps. | 1000 Psi. | 


139 27 
35 
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cb | | 
| | 
a Mo (Annealed) 
X\ 
ol 
9 | 10) | 8 | 158 | 168 | 2% | — | 189 217, | 
.. 75 | 23 | 30 36 | 78 | 9 | 22 | 125 | 127 148 21 ee 
4 | 4 | #45 | 52 | 48 | 35 64 18 
, 2400 8 | 10 32 | 2 28 | 48 - | — | 80 | 42 76 eS 
2600 | | 5 66 18 22 86 22 36 7% 27 104 
2730 | — | 16 | - | 12 20 114 
2900 | 3 69 | 9 13 | (107 
3000 | 3 | | 5 | 9 | 85 6 | 10 9 124 
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tility remains high throughout this range despite 
the fact that tensile strength increases rapidly 
at subzero temperatures. A comparison of the 
strength-to-density ratio (above 1800°F.) of 
the 30 Cb, 10 V tantalum alloy with those of 
molybdenum and columbium alloys and un- 
alloyed tungsten is shown in Fig. 2. It can be 
seen that as the temperature is increased the 
tantalum alloys appear to be stronger than 
the columbium and molybdenum alloys, but 
not as strong as tungsten. 

It should be recognized that tungsten, be- 
cause of its very high melting point, will be 
the material for use at the ultrahigh tempera- 
tures. However, tantalum alloys will probably 
be employed over a broader temperature range 
than molybdenum and columbium alloys. 
When a constructional material is required with 
good cryogenic properties, as well as good high- 
temperature strength, tantalum and tantalum 
alloys are the only materials suitable. 

Another important advantage of tantalum 
alloys over other refractory alloys is their good 
ductility in the recrystallized condition. In 
fact, the tantalum-columbium-vanadium family 
of alloys can be cold worked extensively after 
the initial breakdown fabrication. Because of 
their excellent ductility in the recrystallized 
condition, these tantalum alloys are not em- 
brittled during welding. Bend ductilities of 
less than 2T have been obtained in welded 
tantalum-columbium-vanadium alloys. 


Tantalum As a Cryogenic Material 


Refractory metals have not been considered 
for cryogenic applications since there are many 
other metals which have excellent strength- 
ductility combinations at low temperatures. 
However, when a combination of toughness at 
low temperature with strength at high tem- 
perature is required, tantalum alloys may be 
advantageous. A comparison of the properties 
of tantalum alloys with high-strength cryogenic 
materials, such as titanium alloys and A-286, 
is shown in Fig. 3. 

The development of tantalum-base alloys 
is in its early stages, and new alloys can be 
expected in the future. Because of the promise 
shown in laboratory work, the Air Force has 
initiated a program to scale up the more prom- 
ising compositions from alloy development pro- 
grams. One of the compositions included in 


the program is 30 Cb, 7.5 V tantalum alloy. A 
more complete metallurgical evaluation will 
also be made of these alloys. 
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Stainless Steels for 


High-Strength Welded Structures 
and Components 


Stainless steels, including the more recent precipitation-hardening grades, 
have become important engineering materials for welded structures 


STAFF REPORT 


because they resist corrosion in many environments and permit a wide choice 
of mechanical properties. As in any welding operation, 

particular attention must be given to metallurgical structure. 

Proper heat treatment after welding will insure excellent corrosion resistance 


Srarscess STEELS HAVE ENJOYED a long 
history of successful applications in welded, 
high-strength structures. Spot welded struc- 
tures for the railroad and transportation indus- 
tries, tanks for cryogenic and high-temperature 
service, jet engine components, chemical-plant 
equipment and, most recently, aircraft and 
missile structures are only a few of the appli- 
cations where welded stainless steels have 
proven to be the most effective solution to 
design problems. 

Listed in Table I are the compositions and 
base-metal properties of some of the stainless 
steels commonly used in welded, high-strength 
structures. These important engineering mate- 
rials permit designers and fabricators to choose 
from a broad range of strength levels between 
the relatively low-strength austenitic and ferritic 
grades to the strong martensitic and semi- 
austenitic compositions. 


Ferritic Stainless Steel 


The ferritic stainless steels, such as Type 
405, 430 and 446, may not be considered high- 
strength steels in relation to other stronger 
stainless grades, but they do possess higher 
strength levels than many nonferrous alloys. 

These grades are essentially ferritic in struc- 
ture and do not normally respond to heat treat- 
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and strong, ductile welds. (Q-general, K-general, R-general; SS) 


ment to increase their strength. When heated 
to and cooled rapidly from temperatures greater 
than 1700° F. (as in welding), some intergranu- 
lar carbide precipitation or sensitization occurs 
at the weld-base metal interface as well as 
within the fusion zone. When such conditions 
occur, there is a significant decrease in cor- 
rosion resistance at these locations. Such heat- 
ing and cooling also promotes the formation 
of grain-boundary martensite as well as grain 
growth. Both of these lead to a drop in weld 
ductility. 

These detrimental effects can be minimized 
by heating the weld within the range of 1200 
to 1500° F., followed by cooling in air. Type 
430, for example, when welded and then heated 
to 1400° F. for 5 min., is not susceptible to inter- 
granular corrosion. The treatment at 1400° F. 
decreases the strength somewhat (to about 
45,000 psi. yield, 71,000 psi tensile) compared 
to that of the as-welded material, but ductility 
is improved. 

Improvements in weldability and in ductility 
of ferritic stainless steel welds can be obtained 
by the addition of small amounts of titanium. 
Such additions decrease the amount of inter- 
granular martensite and increase the temper- 
ature at which sensitization occurs. They do 
not, however, eliminate the need for postweld 
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Fig. 1 — Tailhook of 17-4 
PH Carried by F-106 
Will Stop the 33,250-Lb. 
Fighter by Engaging an 
Arresting Cable During 
Landing Emergency. Bas- 
ic assembly consists of a 
forged hook welded to a 
spring shank. Heat treat- 
ment is done after welding 


heating to 1200 to 1500°F. when maximum 
corrosion resistance is required. 


Austenitic Stainless Steel 


Among the best known and most widely used 
of the stainless steels are the so-called 18-8 or 
austenitic grades. These include Type 301, 
302, 304, 304L as well as the more highly 
alloyed grades such as Type 321, 347, 316, 309, 
310 and the manganese-stabilized grades Type 
201 and 202. Like the ferritic grades, the 
austenitic steels are relatively low in strength 
in the annealed condition. They are not hard- 
enable by heat treatment, and their structure 
remains almost completely austenitic. How- 
ever, cold working improves their strength. 

Austenitic grades are subject to intergranular 
arbide precipitation when held within or 
cooled slowly through the temperature range 
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Fig. 2—Spray Dryer of 
Welded Type 304 Stain- 
less Steel. Structures fab- 
ricated of austenitic stain- 
less should be heated after 
being welded to dissolv: 
chromium carbide _ par- 
ticles and thus minimiz: 
the effects of sensitization 


of 800 to 1500° F. Sensitization results in de- 
terioration of corrosion resistance at grain 
boundaries because of localized depletion of 
chromium in these areas. Grades have been 
developed which contain either a very small 
amount of carbon (the ELC grades) or stabiliz- 
ing elements (titanium or columbium) that com- 
bine preferentially with carbon to prevent the 
formation of chromium carbide. Stabilized 
grades include Type 321 (titanium stabilized) 
and 347 (columbium stabilized). 


The editors acknowledge the assistance of 
John S. Thorpe, applications development engi- 
neer, Allegheny-Ludlum Steel Corp., and engi- 
neers at Armco Steel Corp. in preparing this 
report. 
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corrodents such as phosphoric acid, »hosphate 
Welding Austenitic Steels slurries, fertilizer aan nitric oat ron 

Unless the ELC or stabilized grades are em- liquors, liquors, fatty acids, lactic acid, sulfu- 
ployed, the sensitized areas which occur near rous acid, acetic acid and _nitric-hydrofluoric 
welded joints will be severely attacked by acid pickling solutions. If the operating tem- 


Table I—Stainless Steels for High-Strength Welded Structures and Components 


TyYPIcal 


CoMPOSITION 


| | | | YIELD 
Top STRENGTH 
OR C Mn Ni | Cr | Mo | OTHER 907 
GRADE 


| OFFSET) 


1.00(max.) | 0.50(max.) | 17.00 ; 40,000 psi. 


430 0.10 1.00(max. 


201 0.12 | 6.50 1.00(max.) | 4.50 17.00 | 0.22 N | 50,000 

202 | 0.12 9.00 | 1.00(max.) | 5.00 18.00 | 0.22 N 50,000 
| 2.00(max.) | 1.00(max.) | 7.00 17.00 | 0.15 N 40,000 
| | 


| 1.00(max.) 


| 0.05 2.00(max. 10.00 | 19.00 35,000 


| 1.00(max. 


9.5 | 18.00 | Ti | 33,000 
6 min. 


321 | 0.06 2.00(max. 


- 


1.00 (max. 


347 0.06 2.00 (max 18.00 Cb 35,000 


| 10 min. 
| 1.00(max.) | 12.00 17.00 | 2.50 40,000 


0.08 | 2.00(max. 
| | 


0.18 2.00(max. 


1.50(max.) | 20.50 25 00 35,000 


1.00(max. 


410 0.12 1 .00(max. 0.50(max.) | 12.5 145,000 


| | 
+18 0.17 0.50(max.) | 0.50(max.) 2.00 13.00 | 0.50(max.) | 3.00 W 150,000 
422 | 0.22 0.65 | 0.35 | 0.70 12.00 | 1.00 0.25 | 1.00 W 180.000 
| MoV 0.25 0.50 0.50 0.70 12.00 | 1.00 0.30 | _ 190,000 
PH 15-7 Mo 0.070 1.00(max.) | 1.00(max.) 7.00 15.00 | 2.50 1.2 Al 215,000 
17-7 PH 0.070 1.00(max.) | 1.00(max.) 7.00 17.00 ; 1.2 Al 195,000 


4.00 16.00 4.00 Cu, 190,000 


| 0.15-0.45 Cb+Ta 


1 .00(max. 


1 .00(max. 


17-4 PH 0.070(max.) | 


O.10 N 165,000 


AM-355 0.13 0.95 0.50(max.) 4.35 15.50 | 2.75 O.1ON | 180,000 
| | | | | | | 

A-286 0.05 | 1.35 0.95 26.00 15.5 | 1.25 0.30 | 0.20 Al, 100,00) 
| | | 2.00 Ti, | 
| | 0.003 B 
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perature of the structure lies within the sensi- 
tizing range (800 to 1500° F.), then the stabilized 
grades are preferable since even the ELC 
analyses will develop harmful carbide precipi- 
tates if exposed for a sufficient length of time. 


PROPERTIES 
| 

ULTIMaTI ELon- 

TENSILE | GATION APPLICATIONS 

STRENGTH | (1N 2 IN.) 

70,000 psi. 30% Furnace flues, nitric acid handling 
equipment, recuperators, oil burn- 
er parts, chemical plant equip- 
ment. 

110.000 50 sere trailers, railway cars, 

100,000 50 food handling equipment. 

110.000 70 Truck and bus bodies, railroad 
cars, roof drainage. 

90,000 75 Food handling, kitchen and dairy 
equipment, welded wire pickling 
baskets. 

35,000 55 Parts for aircraft and rocket 
engines, exhaust collector rings, 
pipe and tubing for exhaust man- 

93,000 | 50 ifolds, tailpipes, hot-air ducts, 

| cryogenic tanks. 

82.000 | 65 Equipment for paper, chemical 
and petroleum industry, fueltanks. 

80,000 57 Furnace equipment (for reducing 

atmospheres, gas-turbine com- 
bustion liners, heat exchangers, 
chemical plant equipment. 
80.000 15 Steam turbine blades, tanks and 
pressure vessels. 

165 | 16 

695.000 

240.000 12 Compressor blading and wheels, 

et engine rings. 
10 
235,000 7 Jet engine thrust reversers, pres- 
210.000 9 sure vessels, missile frames, air- 
craft structural parts, garbage 
disposals. 

200,000 14 Landing hooks for aircraft, land- 
ing gear, aircraft structural parts, 
fuel tanks, cryogenic tanks, 
pressure vessels. 

205,000 13 Aircraft structures, hydraulic sys- 
tem parts, pressure vessels, flex- 
ible bellows. 

215,000 ; 18 Aircraft structures, jet engine 
compressor parts, pressure vessels. 

145.000 | 25 Gas turbine buckets, afterburners, 

| cryogenic tanks. 
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The choice of filler metal for welding the 
austenitic grades of stainless steel is usually 
confined to Type 308, 309 or 310. Such analyses 
which contain higher percentages of chromium 
and nickel than the base metal allow for some 
loss of these elements during welding. When 
welding Type 321, columbium-stabilized Type 
347 filler metal should be used since practically 
all the titanium content is lost in traversing the 
welding arc. Welding electrodes that contain 
stabilizing elements are recommended when 
maximum freedom from sensitization is needed. 


Postweld Heating 


Welds in austenitic stainless steels are often 
heat treated to relieve stresses which may occur 
as a result of the heating and cooling effects of 
welding. This heat treatment will also redis- 
solve chromium carbides which have precipi- 
tated during welding. Some stress relief can 
be obtained by heating to temperatures as low 
as 700° F.; for maximum effect, however, the 
temperature should not be less than 1550° F. 
To redissolve carbides, temperatures should be 
held at about 1850° F. for the low-alloy Type 
301, 302, 304, 321 and 347 and to 2000° F. for 
the more highly alloyed grades such as Type 
309 and 310. 

The mechanical properties across welds in 
austenitic stainless steel are essentially identical 
to those of the base metal. A slight decrease in 
ductility will be noted, however. 


Martensitic Stainless Steels 


Although the martensitic steels are normally 
alloys of iron, chromium and carbon such as 
Type 410 and 420, they may also contain small 
amounts of nickel as does Type 431. They are 
hardened by heat treatment and may reach 
ultimate tensile strengths as high as 220,000 to 
250,000 psi., still retaining good ductility, tough- 
ness and relatively good resistance to corrosion. 

In welding these grades, one must again 
consider metallurgical characteristics. Because 
of their low thermal conductivity and high 
thermal expansion, martensitic stainless steels 
can experience rather high internal stresses 
during heating and cooling as in welding. Vol- 
ume changes which occur as a result of phase 
transformations during hardening create addi- 
tional stresses which, if not taken into account, 
may cause cracking of the welds. 

To minimize these effects, the hardenable 
grades are usually preheated within the range 
of 200 to 600° F. and postheated between 500 


103 


\ 


Table Il — Properties of Welded and Heat Treated Modified 12% Cr Stainless Steel 


ULTIMATE 
TENSILE 
STRENGTH 


| ELONGATION 
(in 2 IN.) 


YIELD STRENGTH 
(0.2% OFFser) 


TYPE OR | 
GRADE 


PosTWwELD TREATMENT 


12MoV | Tempered 4 hr. at 875° F.; air cooled(a) 186,200 psi. 239,000 psi. | , 10.7% 
1850° F., 15 min.; air cooled; 900° F. for 201,500 253,000 5.3 
| 4 hr.; air cooled (b) 
422 1900° F., 30 min.; double 2-hr. temper 191,300(c) 247,850(c) 9.5(c) 
at 800° F. 188,350(d) 241,400(d) 6.5(d) P 
1900° F., 30 min.; double 2-hr. temper 191,000(c) 256,900(c) 10.3(c) 
at 900° F. 188,000(d) 249.400(d) 8.3(d) 
| 1900° F., 30 min.; double 2-hr. temper 173,850(c) 216,250(c) 7.3(c) 
at 1000° F. 173,150(d) 213,400(d) 5.5(d) 


(b) Material welded: 0.100-in. sheet, as annealed. 


(a) Material welded: 0.100-in. sheet, heated to 1850° F., 


air cooled, then + 4 hr. at 900° F. 


(c) Base-metal specimens from thin-walled pressure vessels. 


and 700° F. Postheating also tempers any mar- 
tensite formed in heat-affected zones and im- 
proves weld ductility and toughness. If weld 
ductility is more important than strength, post- 
heating may be carried out between 1100 to 
1500° F. Slow cooling from 1500° F. down to 
1100° F., followed by air cooling to room tem- 
perature, results in maximum stress relief and 
minimum hardness and strength. Slow cooling 
from the welding temperature may also be 
employed for stress relieving. Either of the 
latter two treatments is in effect a full annealing 
treatment for martensitic stainless welds. 

Welded structures can be heat treated to a 
variety of strength levels depending on the 
tempering temperature chosen. Weldments are 
hardened by air cooling from about 1800 to 
1850° F., followed by tempering to a maximum 
of 700° F. for greatest hardness and strength or 
to 1100 to 1400°F. for best ductility at the 
expense of strength. Tempering treatments 
should not be carried out within the range of 
700 to 1100° F. because of the “885° F. em- 
brittlement” effect which causes a significant 
decrease in ductility and impact strength. In 
addition, strength drops off so rapidly above 
700° F. that it is difficult to produce consistently 
the desired level of strength. 

Filler metals of the same composition as the 
base metal (adjusted for changes in composi- 
tion which occur during welding) are recom- 
mended for high-strength applications. When 
ductility is of greatest importance, the austenitic 
rods such as Type 308 can be used. 
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(d) Butt-welded specimens from thin-walled pressure vessels. 


Modified Grades Available 


Several modified 12% Cr martensitic steels 
have been developed for applications such as 
structural parts for jet engines and compressor 
and steam turbine blades which require 
strength properties higher than those of the 
regular martensitic stainless grades, particu- 
larly at elevated temperatures. Additions of 
tungsten, molybdenum and_ nickel are made 
to improve resistance to tempering so that these 
steels may be used up to 1000° F. 

The modified grades, which include Greek 
Ascoloy, Type 422 and 422 M and 12MoV are 
very similar to Type 410, 420 and 431 as far as 
their metallurgy, heat treatment and weld- 
ability are concerned. Table II lists the proper- 
ties which may be obtained in welded struc- 
tures of two typical steels in this group. It 
should be emphasized that careful preheating 
and postheating are required to obtain best 
weld ductility. 


Precipitation-Hardening Grades 


Precipitation-hardening stainless steels have 
received considerable attention in recent years. 
They have been of particular interest in the 
aircraft and missile industry because of their 
excellent combination of strength and corrosion 
resistance. Most of the weldable grades that 
are commercially available fit into these cate- 
gories: martensitic (17-4PH, PH 14-4 Mo): 
semiaustenitic (AM-350, AM-355, 17-7 PH. 
PH 15-7 Mo); austenitic (A-286, HNM). The 
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Table Il — Mechanical Properties of Welded A-286 Sheet* 


TEst Yirrp ULTIMATE ELONGATION 
CONDITION TEMPER- STRENGTH | ‘TENSILE 
ATURE | (0.2% Orrser) STRENGTH 2 IN. IN % IN. 
| 
Annealed | Room | 41,000 psi. 94,000 psi. 38.0% | 
Annealed and aged | Room | 117,000 155,000 22.0 _ 
Annealed and aged | 800° F. 93,000 | 138,000 18.0 
Annealed and aged | 1000 | 87,500 | 131,000 | 18.0 | 
Annealed and aged | 1200 88,000 103,500 13.0 
As welded | Room 39,000 87,500 16.0 | 26.0% 
As welded and aged Room 93,000 132,100 4.0 | 11.0 
As welded, solution } 
treated and aged | Room 93,500 134,400 10.0 | 18.0 
As welded and aged 800 88,000 | 98,500 3.0 8.0 
As welded and aged | 1000 =| _—82,000 93,000 | 20 8.0 
As welded and aged | 1200 | 83,000 86,000 2.0 | 10.0 


*0.078 in. thick. 


hardening mechanisms of these steels generally 
involve precipitation, an austenite to martensite 
transformation or a combination of the two. 

The martensitic precipitation-hardening 
grades are martensitic at room temperature and 
thus provide a strong base for further harden- 
ing by precipitation. The latter treatment plays 
a dual role in that it stress relieves martensite 
and precipitates a submicroscopic phase. In 
the age-hardened condition, these alloys are 
stronger, tougher and more corrosion resistant 
than they are in the solution-treated condition. 


How Semiaustenitic Grades Are Strengthened 


Semiaustenitic precipitation-hardening stain- 
less steels are hardened by aging, transforma- 
tion of austenite to martensite or a combination 
of the two. In the annealed condition, AM-350, 
for example, contains about 15% ferrite in an 
austenitic matrix. In the hardening treatment, 
the austenite transforms to martensite — the 
major strengthening effect. During tempering, 
precipitation hardening causes a minor increase 
in strength and hardness. AM-355 is quite 
similar; it has, however, only about 5% or less 
delta ferrite in the austenitic matrix. Heat 
treatments are also similar, but AM-355 is 
capable of higher strength. 

Hardening of AM-350 and AM-355_ is 
achieved through control of the Ms temperature 
by composition and by choice of solution treat- 
ing or annealing temperature. By annealing the 
material at 1710° F., the Mg will be located at 
or near room temperature. Upon cooling to 
—100° F., the austenite-martensite transforma- 
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Table IV — Properties of Cold Rolled Austenitic and 
Semiaustenitic Stainless Steel 


| 
or GRADE STRENGTH | TENSILE 
| (0.2% Orrset) | STRENGTH | 
301 Annealed 40,000 psi. 110,000 psi. 60.0% 
Hard 75,000* | 125,000* | 18.0* 
Hard | 110,000* | 150,000* 12.0* 
Full Hard | 140,000* 185.000* 9.0* 
AM-350 CRT# | 190,000 210,000 10.0 
AM-355 CRT | 210,000 230,000 12.0 
SCCRT? | 280,000 290,000 2.5 
XH§ | 330,000 350,000 1.0 
17-7 PH CH 900 | 260,000 | 265,000 2.0 
PH 15-7 Mo CH 900 260,000 | 265.000 20 


*A.1.S.I. minimum properties. 

tCold rolled (about 25% reduction), tempered. 
tSubzero cooled, cold rolled, tempered. 

§Cold rolled (about 60 to 70% reduction), tempered. 


tion occurs. Subsequent tempering at 850 to 
1000° F. improves strength and toughness. This 
procedure is termed the SCT treatment. 

An alternative method, the DA treatment, 
can also be used. After being annealed at 
1710’ F., the material is heated to 1375° F. 
Precipitation of carbides occurs and the Ms 
temperature rises to somewhat above room 
temperature. Cooling from 1375° F. effects the 
hardening transformation after which a suitable 
tempering treatment is applied. 

Similar treatments are applicable to 17-7 PH 
and PH 15-7 Mo although recommended tem- 
peratures may differ. (Continued on p. 118) 
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Thorium as a Nuclear Fuel 


T WAS RECOGNIZED EARLY in the history of 

nuclear reactors that additional fissionable iso- 
topes, Pu*%® and U?8, could be produced in a 
reactor from the fertile materials, U238 and Th?*?. 
It was also recognized that the long-term impor- 
tance of nuclear fuels for power production de- 
pends upon our ability to use not only the 
original fissionable material provided by nature, 
but also at least some appreciable part of the 
much more abundant materials which could be 
converted into fissionable isotopes. 

The average thorium content of the earth’s 
crust is three to four times that of uranium; on 
the other hand, their geochemical properties and 
the manner in which deposits were formed in 
higher-than-normal concentrations indicate that 
uranium reserves and potential annual production 
rates would be several times those of thorium at 
current prices. In other words, the unit cost would 
have to go up appreciably before thorium would 
be equal in availability to uranium. These are 
average situations of ore availability — obviously, 
there are local situations in which thorium is much 
more plentiful and thus of much greater interest 
as a nuclear fuel. 

Nuclear Properties — The fact that nature pro- 
vided a starter in the form of U?*5 in natural 


uranium is at least partially offset by the relatively 
better nuclear properties of U?%3 (produced from 
thorium) in comparison with Pu**® (produced from 
natural uranium) for reactors operating primarily 


on thermal neutrons. This nuclear advantage is 
in two furms: (a) more neutrons are produced 
per neutron absorbed which means, for compa- 
rable losses, more neutrons are available for con- 
version of new fuel, and (b) the positive temperature 
coefficient associated with low-level resonance in 
Pu**® is avoided. This latter effect is particularly 
important for reactors which are to operate at high 
temperatures. 

In addition to the nuclear advantages of the 
transformed fissionable material, thorium metal — 
being of cubic structure —is more resistant to 
radiation damage than uranium metal. In both 
cases, however, alloys or ceramic forms for fuel 
materials seem to be required in order to make 
low-cost nuclear power. This is an area which 
is especially important in the development of 
thorium for power reactors. 

Fuel Materials — Materials specialists say that 
portions of the thorium production cycle need im- 
prevement. For example, techniques for melting 
and casting thorium on a large scale are inadequate. 


*Excerpts of remarks made by Ulysses M. Stae- 
bler, senior assistant director, Division of Reactor 
Development, U. S. Atomic Energy Commission, 
before the 6th Nuclear Congress, in Rome, Italy. 


Unsound castings result in difficulties during fab- 
rication of fuel. 

Fuel materials under development include both 
metal alloys and ceramics. Thorium-uranium 
alloys with up to 20% (by weight) uranium have 
been found to have good dimensional stability 
when irradiated at 680° C. to an estimated burn-up 
of 2.9 at.%. 

Investigations of thorium alloys for power-reac- 
tor applications are directed toward development 
of thorium-uranium alloys of improved mechanical 
properties at elevated temperatures using alloying 
elements of low thermal neutron cross section. 
Addition of such materials has been found to in- 
crease the mechanical strength of thorium-uranium 
base alloys significantly. 

Plutonium-thorium alloys also are of interest. 
Use of plutoniuin as the initial fissionable material 
rather than U*%° permits easy chemical separation 
of the U?33 produced. Plutonium is soluble in 
thorium; thus the advantages of solid-solution 
strengthening are achieved with the addition of a 
few percent of plutonium to the thorium. 

Ceramic Materials — Development of thorium- 
containing ceramics includes work on a wide variety 
of materials such as mixed oxides, carbides, and 
silicides of thorium and uranium or thorium and 
plutonium. A potential advantage of the mixed 
thorium-uranium oxide fuels compared with 
straight uranium oxide is a lower rate of release 
at elevated temperatures of xenon because of the 
lower vapor pressure of the thoria. 

Greatest emphasis in the area of ceramic fuel 
materials containing thorium is being placed on 
dispersed uranium and thorium carbides in a graph- 
ite matrix. This work includes development of 
suitable cladding, coating, and encapsulating tech- 
niques for containment of fission products. Tech- 
niques involving coating of individual small 
particles with materials such as alumina or pyro- 
graphite look particularly attractive. 

Future Prospects — While work on thorium- 
based fuel materials is expanding, it must be 
recognized that much less effort has been devoted 
to this cycle than to the materials involved in the 
uranium-based fuel cycle. Fortunately, many of 
the lessons learned in uranium development are 
either applicable or at least helpful in the develop- 
ment of thorium which, in fact, is a less complex 
material. 

Although thorium has many handicaps in its 
competition with uranium, it has certain advan- 
tages to offer also, so it is still a definite contender. 
Its value can be known only after considerably 
more work has been done and, in particular, after 
experience has been, obtained operating reactors 
and servicing facilities. 
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Is vine wirn THEORY, one would predict 
that the nucleation sites for pearlite are satu- 
rated first at grain corners and edges, then along 
grain surfaces (including specimen edges ), and 
finally at random points within the grain. 
However, this sequence has rarely been ob- 
served in practice because the over-all trans- 
formation is ordinarily completed before the 
nucleation sites inside the grains come into 
play. Even when separate intragranular 
nodules have been found, further sectioning 
usually revealed their attachment to a grain 
boundary. Yet, as the three micrographs at 
right show, the complete sequence can be 
observed in large grains which are transformed 
at a temperature below the “nose” of the TTT 
curve where the growth rate is low. 

To prepare the specimens for photography, 
thin disks of a steel containing 9% Cr and 1% C 
were austenitized for 12 hr. at 1200°C. 
(2200° F.), isothermally transformed in de- 
oxidized lead for various time intervals at 
575°C. (1070°F.), and quenched in room- 
temperature water. Metallographic specimens 
were initially polished on rotating paper laps 
charged with 9-micron and 3-micron diamond 
abrasive paste, respectively. For intermediate 
polishing, we employed a cloth-covered lap 
charged with 1-micron diamond abrasive paste. 
Finally, the specimens were finished on a cloth 
lap with an aqueous suspension of 0.1-micron 
alumina. They were etched in a 100-ml. solu- 
tion of ethyl alcohol containing 1 g. picric acid 
and 5 ml. hy drochloric acid, and photographed 
at 150 x (reproduced here at 75 xX). 

The top micrograph shows the steel after 1 
hr. at 575° C. (1070° F.). As predicted, pearlite 
has nucleated at the grain corners and edges, 
but has not yet occupied all the grain surfaces 
or the specimen edge. The matrix is marten- 
sitic except for a short distance ahead of the 
advancing colonies of pearlite where carbon 
depletion permitted the retention of austenite. 
Three hours of isothermal transformation pro- 
duced the structure illustrated by the center 
micrograph. All of the grain boundaries are 
now covered with dendritic-appearing slabs of 
orientation-dependent pearlite, although there 
are some untransformed regions along the 
specimen edge. Finally in the bottom micro- 
graph, after 6 hr. of transformation at 575° C., 
the specimen edges are covered with pearlite, 
and new nodules are starting to form intragran- 
ularly. No boundary attachments were re- 
vealed on further polishing and etching. @ 
and Metallurgist, General Elec- 
tric Research Laboratory, Schenectady, N.Y. 
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No. 8 in a Series on Better Finishing 


How to Get the Most From 
Phosphating Systems—II1 


By GEORGE H. PIMBLEY* 


Of all the phosphating techniques, the “iron” phosphate systems 

— either dip or spray — are the most widely used. 

They are simple in operation and maintenance, and usually 

require less equipment than the zinc and manganese phosphating systems. (L14b) 


Tue TERM “IRON PHOSPHATING is some- 
what of a misnomer, but it describes a phos- 
phating process which requires a minimum of 
technical skill and knowledge to operate. These 
advantages account for its wide use — more 
than any of the other phosphating systems. 
Actually, the term describes a process that 
produces a phosphate of the metal being 
treated; no other metal enters the coating. On 
iron and steel, the coating will be an iron phos- 
phate; on zinc or cadmium surfaces, it is the 
phosphate of either element. 


Simple Bath Compositions 


In contrast to the heavy-metal phosphating 
systems described previously, the “iron” phos- 
phate systems are simple. Basically, they use 
baths of relatively high pH which contain 
small amounts of free phosphoric acid so that 
pickling is minimized and, instead, the forma- 
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tion of a coating is favored. This can be done 
simply by employing an alkali metal di- 
hydrogen phosphate such as sodium ortho-di- 
hydrogen phosphate. Add a detergent, cata- 
lysts and corrosion inhibitors and the result is 
a bath for iron phosphating. 

Obviously, these solutions are just a step 
beyond those which contain phosphoric acid 
alone, but the coatings they form on metal 
parts increase the adhesion of paints and or- 
ganic finishes. Should the paint be abraded, 
then the continuous film of insoluble phosphate 
will block the corrosion under the paint thus 
preventing it from popping off or peeling and 
blistering. 


*Group Leader, Metal Surface Conversion Coat- 
ings, Research and Development Dept., Turco 
Products, Inc., Wilmington, Calif. The first two 
parts of this three-part article appeared in Metal 
Progress in August and September. 
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Fig. 1 — Components for Steel Office Furniture 
Enter Three-Stage Phosphating Line at Bent- 
son Mfg. Co., Aurora, Ill. Iron phosphating — 
usually applied in a three-stage system like this 
— is the most widely used phosphating method 


Iron-Type Phosphating Baths 

Iron phosphate baths differ from those of 
the zinc and manganese phosphates previously 
discussed in that they are expected to accom- 
plish both cleaning and phosphating. In most 
instances, the equipment is limited to three 
simple spray-washer or dip stages. A minimum 
of control is necessary, and testing and main- 
tenance procedures are not complicated. 

The processing baths do not have the prop- 
erty of partial self-regeneration possessed by 
zinc and manganese phosphate baths. Iron 
phosphate baths continuously accumulate 
grease and compounds of relatively high pH 
that remain in the solution instead of sludging 
out; hence, these baths have a limited life 
expectancy, and must be completely dumped 
when the contaminants have accumulated to 
such an extent that they seriously impair coat- 
ing efficiency. 

Iron phosphate coatings may be applied by 
either spray or dipping. Ordinarily, the num- 
ber of stages in the installation will be either 
three, four or five. For spray application the 
equipment will usually consist of conventional 
spray-washer cabinets, with the work moving 
through by conveyor. Dipping is done in mild 
steel tanks. the bath being agitated by com- 
pressed air. 
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In three-stage installations, the first stage 
(and sometimes the second) consists of the 
phosphating bath. (Usually the second stage 
is a water rinse.) The third stage is, in all 
instances, a dilute inhibitive bath, such as a 
chromic-acid solution or a 50:50 mixture of 
phosphoric acid with chromic acid. 

Because there are no provisions for cleaning 
the parts before they enter the phosphating 
system, the first stage must serve as both cleaner 
and phosphater. Occasionally, sandblasting or 
degreasing will be used before the work comes 
to the phosphating installation, but the primary 
job of cleaning (and phosphating) is left to 
the first stage. 

Four-stage installations may include two suc- 
cessive phosphating stages, followed by a water 
rinse in the third stage and inhibitive final 
rinse in the fourth. Occasionally, the first 
stage may consist of alkaline cleaning bath, 
followed by a hot-water rinse, a phosphating 
bath, then an inhibitive rinse in the fourth 
stage. When the fourth stage performs the 
dual function of a water rinse and inhibitive 
rinse, it should be dumped and a fresh solution 
made every day. 

In the usual arrangement of the five-stage 
installation, the first consists of hot alkaline 
cleaner, then a hot-water rinse, a phosphating 
stage, a cold-water rinse, and an inhibitive 
rinse. Regardless of the number of stages, all 
of them should be agitated. Compositions of 
the alkaline cleaner (if any) and the final in- 
hibitive rinse are the same as those used in 
zinc and manganese phosphating systems. 


109 


| 
|_| 


Fig. 2— Paint Adhesion and Corrosion Resistance 
of These Bowls and Hoods for Outdoor Barbecues 
Are Improved by Applying a Phosphate Coat- 
ing in a Three-Stage Spray Washer. The work 
is done at Storall Mfg. Co. at Inglewood, Calif. 


Making Up a New Bath 


New baths are prepared by stirring the phos- 
phating compound into cold or warm water. 
Then it is mixed thoroughly by circulating it 
through the spray system or by some other 
means of agitation. Foaming can be prevented 
by heating the bath to the specified working 
temperature before sending the solution 
through the spray system. 

The makeup of dip baths is quite similar, 
but the higher concentration will usually be 
considerably higher than for spray solutions. 
Mixing is aided by air agitation; here again, 
however, the bath should be heated to the 
working temperature before being agitated. 

Once the bath has been mixed, it is a good 
idea to check its strength and to make sure 
that all of the solids are in solution. There is 
no necessity for breaking in iron phosphating 
baths; they are ready for work immediately 
after being prepared. 


Best Operating Procedures 


Contact time in spray systems is usually held 
to a minimum of 60 sec. in the cleaning and 
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phosphating stages, and 30 sec. in the water 
rinse and inhibitive rinse stages. The immer- 
sion time for dipping ranges from 5 to 10 min. 
in the cleaning and phosphating stages and 30 
sec. to 1 min. in the water rinse and inhibitive 
rinse stages. 

Operating temperatures depend on the for- 
mulation of the solution, but most producers of 
phosphating chemicals recommend 140 to 160° 
F. for spray cleaning and phosphating baths, 
150 to 170° F. for the dip cleaning and phos- 
phating baths, 120 to 140° F. for water rinses, 
and 140 to 180° F. for the final inhibitive rinse. 
Spraying pressure should be 20 to 30 psi. in 
all stages. The extent of agitation of dip baths 
is a compromise; it should be sufficient to bring 
the bath into contact with every point of the 
work surface but not so extreme that it causes 
excessive foaming. 

Quality of the coating is also affected by the 
position of the work pieces. All significant 
surfaces should be vertical; totally enclosed 
areas which will shut out the bath solutions 
must be avoided. The work must move steadily 
between stages and into the drying oven at 
the end, else there may be blotches and rust- 
ing, especially if the work is stopped between 
stages. 


pH Is Important 


As pointed out previously, an iron phosphat- 
ing bath has a limited life expectancy. How 
long it will perform efficiently depends on 
several factors such as the type of work sur- 
face, the nature of the soil, whether or not the 
bath must do both cleaning and phosphating, 
the amount of work passing through the bath, 
and the quality of the maintenance. 

During operation, the phosphating bath 
should be tested frequently for concentration 
and pH. The pH value is observed ordinarily 
by sensitive, narrow-range test paper, although 
a pH meter is more accurate. The bath will 
show fluctuating pH values, depending upon 
the nature of the phosphating chemical, its con- 
centration, replenishment schedule and age of 
the bath. Sometimes pH is also moderately 
affected by the hardness of the water. 

What might be considered optimum pH 
value for any given set of circumstances will 
depend on these factors and also on whether 
cleaning or phosphating is the most important 
action desired. Generally, pH is higher for 
the relatively low concentrations used for 
spraying, and will be lower for dipping con- 
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centrations. For best cleaning pH should be 
held between 4 and 5.5, and for optimum phos- 
phating action it should range between 3 to 4.5. 
The matter is often a compromise between 
what is desired in the way of cleaning and 
what is desired in the way of phosphating 
action. When experience has shown that a 
certain pH range gives the best results for 
any given bath and any given job, then it is 
well to try to hold it within that range by re- 
plenishing the phosphating chemicals, supple- 
menting these by occasional additions of phos- 
phoric acid in amounts not exceeding %4 pint 
per 100 gal. of bath at any one time. 

In addition to these replenishments, water 
should be added as necessary to make up for 
evaporation. Accumulation of ferrous iron is 
ordinarily not a problem with the iron phos- 
phate baths nor is the accumulation of heavy 
sludge. If sludge does build up, then it should 
be removed from the tank occasionally. Any 
grease floating on top of the bath should be 
removed in the morning before the bath has 
become heated. 


Discard Spent Baths 


Despite all maintenance care, the time will 
come when no replenishment or addition will 
keep the bath at a satisfactory performance 
level. When this point is reached, it is neces- 
sarv to discard the bath and make a new one. 
This can be done in the following manner: 
With three-stage installations the phosphating 
bath is completely discarded and the tank well 
cleaned and flushed out with water. The walls 
of the tank should be wiped down and freed 
of grease. In spray washers the nozzles should 
be taken out and thoroughly cleaned. While 
the nozzles are out, the spray system should 
be operated with clear water to flush out the 
riser and header pipes thoroughly. 

In installations having two successive phos- 
phating stages, the first one should be dumped 
because it catches the most grease and will be 
the more contaminated of the two. Its tank, 
the nozzles and pipes are then thoroughly 
cleaned and flushed out. After the first tank 
is thoroughly cleaned, the second-stage solu- 
tion is pumped into it. This bath still pos- 
sesses considerable life. The second-stage 
tank, spray line, and nozzles are then thor- 
oughly cleaned and flushed out with clear 
water, and a fresh bath is made up for it. When 
this procedure is followed, the partially spent 
bath becomes the first stage to catch most of 


the incoming grease; the fresh, second phos- 
phating bath finishes the cleaning job and 
performs most of the phosphating action. 


Testing the Coatings 


Ordinarily unpainted iron phosphate coat- 
ings are only inspected visually and rubbed 
with a piece of white facial tissue. When the 
bath has satisfactorily performed its functions 
of cleaning and light phosphating, there should 
be no smut or gray powder on the tissue if it 
is rubbed across the coating with moderate 
pressure. Coatings on hot rolled steel are an 
exception; they will usually show a slight rub- 
off even though they are good coatings. Iron 
phosphate coatings usually cannot be scratched 
with a finger nail, except at times when the 
base metal is a soft or hot rolled steel. The 
coating will be very thin, nearly amorphous 
in texture, and will exhibit some mottling and 
iridescence, ranging from a golden yellow 
through gray, to deep bluish-gray. 

Because the coating is very thin and inher- 
ently less corrosion resistant than good crystal- 
line heavy-metal phosphates, it cannot be ex- 
pected to perform as well in salt-spray and 
water-immersion tests. Nevertheless, it is quite 
common to require equal performance; hence, 
careful operation and maintenance should be 


exercised, 


Fig. 3— Busy Phosphating Line at Virco 
Mfg. Co. in Gardena, Calif. Treats Table 
Legs for School Furniture Before Painting 
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Flash Welding Copper to Steel 


Tur repucrion or ALumtNa to aluminum 
requires transmission of large amounts of elec- 
tricity at about 100,000 amp. through carbon 
anodes into carbon-lined pots which contain 
alumina dissolved in cryolite. To carry such 
high current efficiently, each anode connector 
is made of a bar of copper, measuring 11% by 
3 by 40 in., which is attached at one end of a 
steel anode core or billet, 6 in. in diameter by 
12 in. long. The anode connector is fastened to 
a copper busbar by mechanical connectors. 

It has been standard procedure to join the 
steel billet to the copper connector by bolting. 
Making this connection takes considerable time 
because optimum electrical contact is required. 
Joining by welding is obviously a much faster 
method, but it has presented difficulties that, 
until recently, could not be resolved by any 
existing equipment. 

With the emergence of new electronic con- 
trols for flash welding machines, a good welded 
joint is now possible. These controls synchro- 
nize the transition between flashing and upset 
which is imperative if there is to be assurance 
of consistent quality and a strong bond. 

In flash welding, the normal procedure is to 
clamp the copper bar on the movable platen 
and the steel billet on the stationary platen of 
the machine (Fig. 1). The gap is adjusted 


*Vice-President of Engineering, Thomson Elec- 
tric Welder Co., Lynn, Mass. 


By HERMANN W. STIEGLITZ* 


according to the burn-off of copper that is ex- 
pected, and the pieces are usually preheated, 
as determined by trial, prior to flash welding. 
With the start of the machine cycle, electronic 
controls take over, closing the platen at the 
correct speed, and exerting a pushup force of 
100,000 Ib. at the right moment to produce a 
sound weld. 

In a recent production run, copper connector 
bars were reduced in cross section at one end 
to 2% by 1% in. to provide increased resistance 
in the weld area. The anodes were welded 
under the following conditions: 


Clamping force 100,000 Ib. 


Upset force 58,800 Ib. 

Preheat 70% of weld temperature 
Preheat time 24 sec. 

Upset current 51,800 amp. 

‘washing time 16 sec. 

Chill time 1 to 2 sec. 


A cross section of a welded anode (Fig. 2) 
shows a penetration of ¥% in. made by the cop- 
per bar into the end of the steel billet, with a 
loss in length during upset and “flash-off” of 


1% in. 


Fig. 2— Cross Section of an Anode 
Shows Penetration of Copper Con- 
nector Bar Into Steel Core or Billet 


Fig. 1—A600-Kva. Welding Ma- 
chine Used in Welding Anodes 
(Right). Flash initiation and upset 
force are automatically controlled 
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Machined 


Centritugally-cast 
machined 


when other metals can’t! 


If your operation is so punishing on metal parts that 
you’re plagued with constant, expensive replacement — 
better look into Ampco’s bronzes! 

Ampco alloys work where other metals wilt. The pe- 
culiar — but desirable — characteristics of these copper- 
base alloys make them ideal for applications that 
destroy most metals. Corrosion. Erosion. Physical at- 
tack, like abrasion . . . or metal-to-metal wear. All of 
these abusive forces are countered by Ampco! 


Ampco’s two basic products are AMPCO® metal, a 


Centrifugatly-cast 


premium quality bronze that costs a little more, but 
delivers a lot more . . . and AMPCOLOY”, a series of 
better-than-usual commercial grade bronzes. All are 
available in sand-cast, centrifugal-cast, shell-molded, ex- 
truded, rolled, wrought, forged, fabricated, and finished- 
machined forms from Ampco’s unmatched metal- 
producing facilities. 


Get the whole story on these miracle-metals. Write for 


““AMPCO"’— a full color, illustrated 
booklet — yours for the asking. 


AMPCO METAL, INC., mitwauKEE 1, WISCONSIN / HUNTINGTON PARK, CALIFORNIA / GARLAND, TEXAS 
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In “A New High-Strength Alumi- 
num Alloy”, by J. A. Nock, Jr., 
Marshall Holt and D. O. Sprowls, 
which appeared in the September 
issue, the micrographs in Fig. 3 on 
p. 89 were inadvertently transposed 
by the editors. The micrograph on 
the right shows intergranular attack 
in 2219-T 62 sheet and that on the 
left shows intergranular attack in 
insufficiently aged 2219-T 62. 


Power From Gas-Cooled 
Reactors 


CANOGA Park, CALIF. 


In the Letters to the Editor col- 
umns in June (p. 114), C. W. Funk 
of Aerojet-General Nucleonics com- 
ments on “Power From Gas-Cooled 
Reactors”, which appeared in the 
April 1960 issue of Metal Progress. 
In the first paragraph, Mr. Funk 
states: “No other power reactor cur- 
rently in operation achieves outlet 
coolant temperatures in the range of 
1200°F. . . .” I should like to 
correct this impression; liquid-metal 
cooled reactors have been and are 
operating in the range of 1000 to 
1200° F. coolant outlet tempera- 
tures, and have generated 1000° F. 
steam in at least one instance, using 


ICAL SUBJECT * CORRESPONDENCE INVITED ON ANY METALLURGICAL SU 


liquid sodium as a coolant. These 
reactors are designed for power 
systems with expected lifetimes in 
the tens of thousands of hours. I 
trust this information clarifies the 
position of liquid-metal cooled re- 
actors in regard to temperature 
capability. 

R. W. Dickinson 

Director 


Sodium Reactors Department 
Atomics International 


“ . . 
Upsetting Situation 
Co._umBus, OHIO 

In the course of a research pro- 
gram conducted by Messrs. Van 
Orsdel and Noethlich and the writer, 
an unusual thermal cycling effect 
was noted. Two wires of dissimilar 
alloys were butt welded. The joint 
was given a severe thermal cycling 
treatment over many hours. The re- 
sult is shown in Fig. 1. The joint 
on the bottom has been “upset” by 
the action of stresses created by 
thermal cycling. Here is a way to 
upset metal without mechanical 
working! Perhaps one of your read- 
ers might uncover a useful applica- 
tion of this phenomenon in our in- 
dustrial complex. 

R. B. FisHEer 
Chief 


Powder Metallurgy Division 
Battelle Memorial Institute 


(More Letters on p. 118) 


Fig. 1 — Effect of Thermal Cy- 
cling. (Top) Butt welded wires. 
(Bottom) “Upset” joint. 15 X 
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OPERATE ANY SLIP STEM OR ROTARY STEM VALVE 


OPERATE ALL INDUSTRIAL TYPE DAMPERS 


More torque! More precise 
positioning for industrial valve 
and damper applications! 


New Honeywell Actionator* Heavy-Duty 
Electrical Control Motors 


Use these compact, powerful new industrial motors 
wherever highly accurate modulating two or three- 
position control is required. 

Some models operate vertical-acting stem valves hav- 
ing lifts of from % to 1% inches. The double-ended 
shaft can also simultaneously operate rotary stem 
valves, butterfly valves and other devices through suitable 
linkages. Other models operate rotary-shaft type valves, 
dampers, louvers and other final control elements. 

ACTIONATOR control motors are available with 


*Trademark 


See us in Sweet’s 1961 Product Design File, Section 7b-Min, 


NOVEMBER 1961 


two or three-position floating or proportional control, 
and with a variety of speeds from 7.4 to 120 seconds full- 
stroke operation. Torque ratings range to 200 inch/Ibs. 

Additional features include built-in linkage and strain 
relief, a mounting yoke and enclosed terminals with 
gasketed housing to meet JIC specifications. Also avail- 
able are models that include cam-operated internally 
mounted switches for a variety of sequencing switching 
purposes. 

For complete information, call your local Honeywell 
office. Or write Minneapolis-Honeywell, Dept. MP-11-61. 
Minneapolis 8, Minnesota. Sales and service offices in 
all principal cities of the world. 


Honeywell 
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PHOTOGRAPH BY PAUL WELLER 


Thoroughness. By a steelmaking specialist # On Lukens’ 206-inch mill the world’s 
largest steel plates are improved by the cross-rolling technique. Rolled lengthwise. 
Carefully measured. Turned and rolled sideways. Measured again. Lukens’ cross-rolling 
procedure develops more uniform metallurgical properties. The extra measure of strength 
and quality essential to the fabricators of vital steel plate projects @ Thoroughness is 
a Lukens habit, as well, in researching the best steels for difficult applications. Working 
with your engineers on problems of design and fabrication. Helping you select the best 
steel for the job from Lukens’ complete line of carbon, alloy, armor and clad steel plates. 
Heads. Plate shapes ™ Thoroughness is one of many characteristics that make Lukens 

THE SPECIALIST IN PLATE STEELS 

Circle 1885 on Page 48-B 


Contact: Manager, Application Engineering, 44-C Services Building, Coatesville, Pa. 
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SANDVIK 


THRIVES ON 
THE TOUGHEST 


SPRING STEEL 


APPLICATIONS 


— because Sandvik is a specialist in spring steel — 
concentrating on specific physical properties, excep- 
tional fatigue life, accurate and uniform flatness, 


straightness, gauge, width and finish. 


Ask your nearest Sandvik office for further in- 


formation or technical assistance. 


For up to 40 years SANDVIK Specialty Steels have 


been used successfully for — Compressor Valves + Piston 
Ring Springs « Band Saws + Doctor Blades + Clock and Watch 
Springs + Vibrator Reeds » Shock Absorbers + Razor Blades 
Surgical and Special Knives » Camera Shutters + Textile Sinkers 
and Needles + Conveyor Belts + Recoil Springs for Power Saws, 
Mowers, Outboard Motors, Telephones, etc. « And in Springs 
for Parking Meters, Fuse Mechanisms, Vending Machines, 
Electronic Components + And a wide variety of other Spring 


Steel Functions. 


SANDVIK STEEL, INC. 


1702 Nevins Road, Fair Lawn, N. J. 
SWarthmore 7-6200° N.Y.C. Algonquin 5-2200 
Branch Offices: Cleveland + Detroit + Skokie, Ill. 

Los Angeles + Seattle 
SANDVIK CANADIAN LTD., P.O. Drawer 1335, Sta. 0, Montreal 9, P.Q. 
Works: Sandviken, Sweden 

Circle 1886 on Page 48-8 


Some Reagents Explode 
Westsury, L.I., N.Y. 


In “Some Reagents Explode” (p. 
114, July 1961), it was stated that 
an explosive hazard exists when a 
mixture of nitric acid, acetic acid 
and acetone are allowed to stand for 
several hours. 

This same type of reaction was 
observed in our laboratory minutes 
after the reagent was prepared. 
The mixture of 10 ml. concentrated 
nitric acid, 10 ml. glacial acetic 
acid and 20 ml. chemically pure 
acetone reacted spontaneously about 
2 min. after mixing with an evolu- 
tion of heat, nitrous and nitric oxide 
fumes. 

This occurred when the mixed 
acids were poured into the acetone. 
We were able to control this hazard 
by first cooling the acids and then 
slowly pouring into a cold water 
jacketed beaker of acetone. The 
temperature of the mixture should 
be kept below 25° to prevent reac- 
tion. The etchant was discarded 
after use. 

G. D. LANE 
G. J. DURMANN 
Metco Inc. 


Stainless Steel . . . 
(Continued from p. 105) 


Welding Semiaustenitic Steels 


Neither preheat, control of inter- 
pass temperature nor postweld an- 
nealing are necessary in welding the 
semiaustenitic precipitation-harden- 
ing steels. Sound welds with excel- 
lent mechanical properties have been 
consistently produced by using the 
welding techniques common to the 
austenitic stainless grades. Clean- 
ing, joint preparation, joint fit-up and 
jiggling procedures are also the 
same. Either annealed or heat 
treated steel may be welded. 

AM-350 and AM-355 can be 
welded by the inert-gas, tungsten- 
are process (with or without filler 
metal), covered-electrode arc weld- 
ing or submerged-are welding. Only 
the inert-gas, tungsten-arc process is 
recommended for 17-7 PH and PH 
15-7 Mo. These steels can also be 
satisfactorily resistance welded in 
the annealed or hardened condition; 
only minor adjustments need be 
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ADAPTABLE 


IS THE WORD 
FOR THE 


RCA 
ELECTRON 
MICROSCOPE 


The adaptability of the RCA Electron Microscope is one of its 
most valuable features. Through foresighted design, even the 


early models have been adapted with new parts and accessories 
to prolong their usefu! lifetime. A double condenser lens was ; 
recently announced as a new accessory and soon a Universal "y 


Stage for hot and cold specimen analysis will be available. 


As a specific example of the EMU’s adaptability, the basic 
instrument provides for switching from microscopy to selected 
area diffraction. The new electron diffraction chamber—an ac- 
cessory which is easily slipped into position to become an in- 
tegral component of the unit—now makes it possible to perform / " 
transmission and reflection type diffraction studies. Users rate 
the EMU-3, thus equipped, as one of the best electron diffraction 
cameras available today. 


Such adaptability is one of the many reasons why more of these ; 
reliable RCA instruments have been sold than all other electron ; 
microscopes. Added to this is the availability of a nation-wide 
service organization, plus the assistance of the Applications 
Laboratory in Camden for the benefit of customers everywhere. 
A NEW LEASING PLAN now makes it possible to obtain all 
RCA scientific instruments with no down payment, low monthly 
terms and a favorable option to buy. Our representative will be 
glad to call on you at your convenience. Or write for additional 
information: RCA, Scientific Instruments, Dept. B-72, 
Building 15-1, Camden, N. J. In Canada: RCA VICTOR 
Company, Limited, Montreal. 


Other Scientific Instruments by RCA 
RCA X-Ray Diffraction and Spectroscopy Equipment: 


Table Model, Crystalloflex 11 « Console Model, Crystalloflex IV « Electronic Circuit Panel 


Also a complete line of Cameras, Vacuum Spectrometers, Pole Figure Goniometer, 
Single Crystal Layer Line and Microfluorescence Attachments, and other Accessories 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 
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BASKETS 
ANP GRIDS 


with a basketful of specific 
money-saving features 


@ FABRICATED — not cast... for more 
consistent performance in the fur- 
nace and in the quench. 


e LESS BASKET WEIGHT — more pay- 
load. 


Standard for use in 
Hevi-Duty furnaces. 


@ TREMENDOUSLY RUGGED .. . top 
rings, bottom rings, sidewalls. 


@ FASTER RECOVERY TIME .. . more 
efficient, economical furnace opera- 
tion. 


Four-trunnion 
top ring. 


@ ENGINEERED to withstand THERMAL 
SHOCK better than heavier designs. 


¢ EASIER TO HANDLE. 


@ ROLOCK PRESSURE WELDED GRIDS 
. with round rods and LOW-MASS 
joints, do not crack, last much longer. 


use in L&N 
ces. 


Customer “X” (name on request) is just one who 
reported such practical savings as “one extra 
eight-hour cycle per week.” 


And finally please note that our STOCK program 
on popular sizes and types of baskets, trays and 
grids enables us to assure PROMPT shipment. Let 
us quote on your current needs. 


SALES AND SERVICE FROM COAST TO COAST 
ROLOCK, INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 
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Stainless Steel . . . 


made in welding current or cycles to 
compensate for the difference in 
electrical resistivity as compared 
with the austenitic stainless steels. 
Tension shear strength of material 
that is hardened, then spot welded, 
is of the same general level as mate- 
rial welded and then hardened. 


Austenitic PH Steels 


The last group of precipitation- 
hardening steels, typified by A-286, 
are essentially iron-chromium-nickel 
alloys which are austenitic in struc- 
ture. These steels, however, contain 
varying amounts of titanium and 
aluminum which promote an age- 
hardening. mechanism by precipita- 
tion of NigTi particles. Heating 
solution-treated or annealed A-286 
to 1325° F. for 16 hr., for example, 
effects the precipitation of Ni,Ti 
which significantly improves the 
room and high-temperature strength 
without adversely affecting ductility 
and toughness. 

Although alloys of this type have 
relatively low room-temperature 
strength compared with the marten- 
sitic and semiaustenitic steels, they 
retain their strength to considerably 
higher temperatures and, accord- 
ingly, are stronger between 1000 
and 1300° F. Also, because of their 
austenitic structures, they possess 
better cryogenic properties than the 
more brittle martensitic and semi- 
austenitic steels and the lower- 
strength austenitic steels. 

A-286 can be successfully welded 
in thin sections and, under condi- 
tions of low restraint, by either re- 
sistance, inert-gas tungsten-arc (with 
or without filler metal), inert-gas, 
consumable-electrode or flash butt 
welding techniques. 

In inert-gas, tungsten-are welding, 
filler metals such as Hastelloy W, 
A-286 or Timken 16-25-6 are used. 
Filler metal for the shielded con- 
sumable-electrode method may be 
A-286, Type 310, 316 or 347 stain- 
less steel, Timken 16-25-6, Inconel 
132 or other austenitic steels. For 
strength approaching that of the 
parent metal, A-286 filler wire 
should be used. Restraint should 
be kept as low as possible because 
constituents at the grain boundaries 
in the weld metal can cause hot 
cracking. 

Heat treatment of welded A-286 
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normally follows the regular proce- 
dure for unwelded material. Solu- 
tion treatment may be performed at 
either 1800 or 1650° F. The former 
solution-treating temperature is used 
where long-time properties such as 
creep strength or stress rupture 
strength are of greatest importance. 
Where short-time yield or tensile 
strength are more important, the lat- 
ter temperature is preferred. After 
solution treating, the welds should 
be aged for 16 hr. at 1325°F. 
Table III (p. 105) indicates the 
strengths obtainable in welded A-286 
components. 


Cold Worked Stainless Steels 


The austenitic stainless steels and 
the semiaustenitic steels which are 
austenitic in the annealed condition 
can be strengthened by cold working 
(followed by tempering) to rela- 
tively high strength levels. Type 
301 and 302 in a full range of tem- 
pers, as well as AM-350 and AM-355 
in the CRT, SCCRT and XH con- 
ditions and 17-7 PH and PH 15-7 
Mo in the CH 900 condition are 
typical examples of these steels. It 
will be noted in Table IV that very 
useful properties can be produced 
by cold rolling the austenitic stain- 
less steels or by combinations of 
subzero cooling, cold rolling and 
tempering AM-350 and AM-355. 

Fusion welding of such steels 
creates weld zones which have essen- 
tially the same strength character- 
istics as annealed material. For this 
reason, resistance welding is usually 
employed for such joining problems. 
However, it has been shown* that 
strength levels considerably higher 
than those obtained in annealed ma- 
terial can be considered for design 
purposes. 

In addition, fusion welding can 
be used to fabricate such steels if the 
weld area is reinforced by increasing 
the metal thickness in the vicinity 
of the weld joint. This may be done 
by upsetting, chemical milling or 
machining and by resistance weld- 
ing doublers in this area. The weld 
metal can also be peened or work 
hardened to increase its strength. 
Another procedure which may be 
used is to orient the fusion weld in 
a direction oblique to the loading 
direction. 

*“Weld Strength of Cold Worked 
Stainless Steels”, by L. Stemann and 
E.:E. Weismantel, Welding Journal, 
Vol. 39, No. 10, p. 438s. 
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Wilson “Rockwell” TwinTester 


e The new Wilson Rockwell TwinTester combines in one instrument 
the functions of both a Rockwell and a Rockwell superficial hard- 
ness tester. Designed primarily for use in such areas as tool 
departments, maintenance repair shops and laboratories, the 
TwinTester offers many outstanding features. 


Large direct-reading dial is marked with B and C scales for Rockwell hard- 
ness, and N and T scales for superficial Rockwell hardness readings. 
Just one zero set position for all scales. 


Easy to operate, the TwinTester can be changed from Rockwell to Rockwell 
superficial testing in seconds. 

Complete equipment includes cowl, ball penetrator for B and T scales, 
Rockwell test blocks, anvils, dust cover and protective sleeve set. 


A complete line of Wilson Rockwell instruments is available, including semi 
and fully automatic models. 


Write for details Ask for Cat- 
alog RT-58. It gives complete 


Wilson "Brale"’ Diamond Penetrators 
Each diamond is cut to an exact 


shape. A comparator check and informationon the Superficial =... 
microscopic inspection of each tester as well as on the full =~ 
f diamond assure perfect readings line of Wilson Rockwell 
hardness testers. 


every time. 


WILSON "ROCKWELL 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York 
Circle 1884 on Page 48-B 
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Clifford L. Dotson 

Ciirrorp L. Dorson is now head ing program. Shortly after return- 
of the metals evaluation section, ing to T.C.L. he left to join South- 
metallurgy division, at Southern Re- ern Research Institute as a metal- 
search Institute in Birmingham, lurgist working on high-tempera- 
Ala. He was formerly assistant ture, fast strain rate evaluation of 
chief metallurgist at Cameron Iron aircraft and missile structural ma- 
Works, Inc. in Houston, Tex. terials. This study has since de- 

After graduation from Auburn veloped into a substantial program 
University in 1949 with a degree in at SRI and his new responsibilities 
engineering physics, he worked for include direction of this program. In 
the T.C.I. Div. of U. S. Steel Corp. 1956 he accepted a position as a 
in Birmingham as metallographer- research engineer at Youngstown 
spectrographer until 1951 when he Sheet & Tube Co., then in 1958 
was transferred to the U. S. Steel moved to Houston as development 
Fundamental Research Laboratory — metallurgist for the Cameron Iron 
at Kearny, N.J., on a one-year train- Works. 


Joseph E. Foster 


A glance at this month’s masthead on p. 5 will show two 
changes in our editorial staff. JosepH E. Foster has joined 
Metal Progress as associate editor, and RaLpH G. Dermott, 
managing editor, is on temporary leave of absence from his 
editorial desk, recalled to active duty in the Naval Reserve. Joe 
Foster was already acquainted with Metal Progress activities— 
for the past four years he was associate editor on the A.S.M. 
Metals Handbook. Prior to that he was assistant technical di- 
rector of the American Foundrymen’s Society in Des Plaines, 
Ill. He received his B.S. degree in metallurgical engineering 
from the University of Illinois in 1941 (and did his first editorial 
work there on the Illinois Technograph, a campus publication) , 
and has a background of varied metallurgical experience in- 
cluding work in farm equipment at International Harvester Co.., 
in army ordnance at Rock Island Arsenal and the Western Car- 
tridge Div. of Olin Industries, and in the aircraft engine industry 
at the Dodge-Chicago plant of Chrysler Corp.’s aircraft engine 
division. 

He met his wife, Mary Elizabeth, on the University of Illinois 
campus, where she was studying toward a degree in education, 
and married her after graduation. They have two children, 
Nancy 12, and Richard, 16. Joe’s interests include outings with 
his family, music, art, drama, travel. A member of the Toast- 
master’s Club in Chicago, he considers this his favorite “hobby” 
and hopes to become active in it again. 
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When you need @ 
Thermocouples...\\? 


You Need- 


on 


Let us prove to you that 
Ceramo Thermocouples can give you... 


adaptability — Ceramo, Metal Sheathed, 
Ceramic Insulated Thermocouple Wire will 
bend to fit almost any configuration without 
shorting or breaking. Diameters from as small 
as 1/25” to 7/16” and immersion lengths from 
1/2” to 70 ft. will fit almost any installation. 


*K stability — Constantly accurate, sensitive 
response over the entire range — in any 
environment. 


*K stand-up-ability — Ceramo Thermo- 
couples can withstand pressures as high as 
50,000 psi. — contamination or corrosive 
atmospheres, mechanical strain and nuclear 
radiation. Selection of the proper sheath 
materials and elements will satisfy your 
needs exactly. 


rangeability —Ceramo Thermocouples 
are available in a wide variety of elements 
and sheath materials to measure tempera- 
tures from minus 450°F to over 4000°F. 


* Reliability — Every Ceramo Thermocouple 
is quality built and tested to assure maximum 
efficiency and long life. 


Find Out About “Ceramo-ability” Today! 
WRITE FOR YOUR 48-PAGE THERMOCOUPLE CATALOG TC-16 


—information on all Thermo Electric Thermocouples and accessories. 


Thermo 
a é/ectric In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 


THERMO ELECTRIC Co.,Inc., Saddie Brook, New Jersey 


20 Y.<ARS Temperature Measuring Systems and Components 
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Personals .. . 


Robert T. Eakin — now vice-pres- 
ident in the engineering and con- 
struction division of Koppers Co., 
Inc., Pittsburgh. 


Richard W. Douglass — from Bat- 
telle Memorial Institute, Columbus, 
Ohio, to metallurgist in the Metals 
Div., National Research Corp., Cam- 
bridge, Mass. 


B. Dean Bowen — joined the tech- 
nical staff of Allvac Metals Co., 
Monroe, N. C. 


Roger M. Blough, chairman of the 
board of directors and chief execu- 
tive officer of United States Steel 
Corp. — appointed chairman of the 
Metals Div. of the $50,000,000 
Columbia-Presbyterian Medical Cen- 
ter Development Fund. 


Thomas F. Berry —a member of 
General Electric's engineering and 
science program for the last year, 
now working in the materials and 
processes laboratory at Schenectady, 
N. Y., assigned to metallurgical 
developments associated with arc 
and gas welding. 


J. M. Bates — now senior staff en- 
gineer in the engineering depart- 
ment of Union Carbide Chemicals 
Co., South Charleston, W. Va. 


Sanford Baranow — from the Air- 
craft Nuclear Propulsion Dept., 
General Electric Co., Evendale, 
Ohio, to the materials department of 
Tapco, a division of Thompson 
Ramo Wooldridge Inc., Cleveland. 


William F. Aylard — from director 
of engineering to vice-president of 
Chase Brass & Copper Co., a sub- 
sidiary of Kennecott Copper Corp., 
Waterbury, Conn. 


Clifford Amend —named metal- 
lurgist at Ajax Magnethermic Corp., 
Youngstown, Ohio. 


Roland P. Koehring — presented a 
plaque honoring his pioneering con- 
tributions to the advancement of 
powder metallurgy by the Metal 
Powder Industries Federation. This 
marked the first presentation of the 
Powder Metallurgy Pioneer Award. 
Mr. Koehring recently retired as sec- 
tion engineer in charge of research 
at the Delco Moraine Div. of Gen- 
eral Motors in Dayton, Ohio, after 
40 years with the company. 
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The most precise 
temperature 


control of its 
kind at the 
best price! 
$150 


R7086 POTENTIOMETER CONTROLLER 


This transistorized Potentiometer Controller is 
available for ranges up to +3000°F. The sensi- 
tivity of the controller is 120 microvolts irrespective 
of span. Time proportioning standard at no extra 


cost. Available with on-off or 2-positioning. Other Honeywell 


features include illuminated dial, flashing lights to 

indicate when temperature is at “‘set’’ point, and an Fiat 
8” scale for easy setting. Thermocouple burn-out Wl WH 

protection inherent in design. Controllers can be alates viata: 

surface or flush mounted. Other models with 


centigrade scales are also available. 


HONEYWELL INTERNATIONAL 

Sales and service offices in all principal cities of the 
world. Manufacturing in the United States, United 
Kingdom, Canada, Netherlands, Germany, France, Japan, 
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Engineering 


/nterpretative Reports of 
World-Wide Developments 


Metal Surfaces .. . 
How They Look and How They Behave 


Reported by M. V. NEVITT* 


A variety of experimental techniques — ranging from 


field ion microscopy to magnetic measurements — 

are being employed to learn how surface structure 
affects properties. This report of 

a recent symposium discusses the instruments 

currently used to probe the structure of metal surfaces. 


LTHOUGH THE sTUDY of metal surfaces 
as a distinct branch of metal physics 
is a new concept, basic aspects of surface 
preparation go back as far as the 17th 
century. Such well-known scientific 
names of the 1600’s as Hooke, Herschel 
and Newton are associated with investi- 
gations of the techniques of surface 
grinding and polishing. Newton voiced 
an early opinion that the processes of 
grinding and polishing were essentially 
the same —they both removed surface 
*Alloy Properties Group Leader, 
Metallurgy Div., Argonne National Lab- 
oratory, Argonne, Ill. Mr. Nevitt, who is 
1961 seminar chairman of the Chicago- 
Western Chapter @, reports on the chap- 
ter’s Sixth Annual Regional Seminar on 
“Properties of Metallic Surfaces”, held 
April 20, 1961, at Illinois Institute of 
Technology in Chicago. 


irregularities. This simple but in fact 
erroneous point of view remained in 
vogue until 1921 when Beilby published 
his “Aggregation and Flow of Solids”. 
This paper stated that abrasive parti- 
cles used in grinding removed material 
by scoring, whereas polishing leads to 
an alteration and plastic flow of the sur- 
face layer (called the “Beilby layer”). 

With this introduction R. K. Hart 
(Argonne National Laboratory) set the 
stage for the Sixth Annual Regional Sem- 
inar of the Chicago-Western Chapter @ 
on “Properties of Metallic Surfaces”. 
Two hundred scientists and engineers 
from the Midwest heard Dr. Hart — who 
was opening speaker and moderator — 
and five other prominent scientists dis- 
cuss how metal surfaces look, how they 
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Photograph and radio- 
graph of aircraft 
refrigeration duct cast 
of magnesium AZ91. 


At jet speeds a problem is to keep the pilot cool. Artra Aluminum 
contributes this magnesium casting for a refrigeration duct, and 


uses radiography to assure that it is sound and dependable. 


Without proper cooling in the cockpit, today’s supersonic 
pilots would cook. Refrigeration is a “must.” 


Along with other components, Artra Aluminum Foundry 
of St. Charles, Missouri, provides this AZ91 magnesium 
casting for the pilot’s cooling system. It is ultralight, and 
ultrastrong. And radiography is used to make certain that 
there are no flaws. 


Artra has earned an outstanding reputation for fine work 
with materials difficult to cast. And they give full credit to 
the way radiography helps them to evolve casting methods 
that greatly reduce rejections and thus makes sure that 
only quality work is delivered. 


Foundries, large and small, find that radiography quickly 
becomes a valuable asset in their operations. It can work 
for you, too. You can learn how by getting in touch with 
an X-ray dealer or writing us to have a Kodak Technical 
Representative call. 


EASTMAN KODAK COMPANY 
X-ray Sales Division ¢ Rochester 4, N.Y. 
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Now... Ready Pack 

in ROLLS and SHEETS 
Kodak Industrial X-ray Film, 
Types AA and M in 200-ft: rolls 
(16mm, 35mm, 70mm) and sheets 
(8x 10, 10x 12, 11 x 14, 14x 17). 


¢ No darkroom loading—film sealed in a 
lighttight envelope. 

¢ Just place Ready Pack in position and 
expose. 

¢ Film protected from dust, dirt, light, and 
moisture. 

¢ In the darkroom—remove film from 
envelope and process. 


| To keep cool at a couple of “machs” 
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ry Metal Surfaces . . . 
The Most For Your rina 


mechanical and chemical properties. 


“Rockwell Testing” In considering the nature of a a si 


metal surface, one usually visualizes High 


|| | a close-packed atomic plane, ideally Voltage 
0 at! be flat and part of an ideally perfect r 
crystal. Physical reality is intro- 

duced by permitting the surface to 
contain defects such as dislocations, 
vacant sites and interstitial atoms. 
In addition, contamination with ad- adds 

Liquid 
sorbed gas molecules is allowed. Hydrogen 
The validity of this model has been 
supported by results obtained with 
field emission microscopy and by a fo Pump 
variety of physical measurements. 


Field Emission Microscopy 


E. W. Miiller (Pennsylvania State 
University), who was a pioneer in 
the use of the field electron micro- 
scope and later invented the field ion 
microscope, described how the latter 
instrument enables us to see a metal 
surface under enormous magnifica- 
tion and with a resolution which 
exposes details of atomic dimen- 
sions. The microscope, depicted 
schematically in Fig. 1, looks at the 


Metal 


Fig. 1— Field Ion Microscope 


Fig. 2— Platinum Crystal in (001) Orienta- 
GUARANTEED tion After Recovery From Stress. 750,000 x 


ACCURATE 


CLARK HARDNESS TESTERS 
ARE GUARANTEED ACCU- 
RATE FOR ALL “ROCKWELL 
TESTING”. CLARK'S EXACT- 
ING WORKMANSHIP IN THE 
PRODUCTION OF PENETRA- 
TORS, TESTING BLOCKS, 
ANVILS, AND OTHER ACCES- 
SORIES PAYS OFF IN EXCEP- 
TIONAL ACCURACY ON THE 
JOB. NO WONDER THE LOW 
COST SURPRISES OUR FIRST- 
TIME CUSTOMERS. CLARK 
INSTRUMENT, INC., 10201 
FORD ROAD, DEARBORN, 
MICHIGAN. 


FREE REFERENCE BOOK 


Description and prices 
for Clark Hardness 
Tester and free Hard- 
ness Conversion Chart 
available on request. 


Missile-Age Accuracy 
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Grade “A” down the shipping line 


Few applications demand so much from a metal as those in 
the dairy industry. Equipment which comes in contact with 
milk must be completely corrosion-resistant, easy to keep 
hygienically clean, and practically indestructible. For years 
many metals were tested and today, from milk pail to bottle- 
filler, virtually every piece of equipment used in the handling 
and processing of milk is made of stainless steel. 

Product reliability like this depends on uniformity of both 


=> Jones & Laughlin Steel Corporation 


STAINLESS and STRIP DIVISION + DETROIT 34 


materials and production—the reason J&L stainless is bought 
regularly by dairy equipment manufacturers. J&L delivers 
quality consistently, order after order, to help you send Grade 
A products down the shipping line. 

Get consistent quality stainless steel 
from your J&L distributor, as you 
need it, when you need it. He can 
also provide technical assistance. 


STAINLESS 


SHEET-STRIP-BAR - WIRE 


>» 
. 
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EEJOUGHTON ovencnanrs 


The role of the quench 
in precision heat treating 


Illustrated here are four different 
quenches and techniques that help 
build the required strength, durabil- 
ity and precision into a variety of 
machined parts. To get precise phys- 
ical properties, the selection of the 
proper quench is just as important 
in heat treating as temperature and 
steel analysis. 

Heat treating—the vital “‘last step” 
in getting the most from metal—is 
an exact science that requires an 
expert’s experience and judgment. 
Your Houghton Man offers you this 
type of help in selecting and servic- 
ing of a full range of oils and salts 
developed specifically for quenching, 
as well as salts for carburizing, hard- 
ening, tempering and nitriding. Call 
him today or write E. F. Houghton 
& Co., 303 W. Lehigh Ave., Phila- 
delphia 33, Pa. 


FREE QUENCHING 
BOOKLET! 


New, illustrated, 70 pages of authorita- 
tive data on quenching materials and 
techniques. Write for your copy. 


.forms austenite to martensite. 


@ For maximum hardness and ° 
wear resistance Houghto- 
Quench “K” effectively trans- 


Houghto-Quench “K” is the ° 
high speed quench oil that 

quickly removes heat from 

steels ... “the fastest quench 

this side of water”’. 


@ For good hardness and ex- 
ceptional dimensional accuracy 
in quenching from liquid car- 
burizing baths, Houghto- 
Quench 4-C provides just the 
right cooling rate to insure 
adequate hardness without 
warping. 


@ For high hardness, accuracy 
and no spalling in induction 
heated parts, Houghto-Quench 
“G” quickly removes the heat 
without danger of distortion 
or quench-cracks. 


@ For maximum dimensional 
accuracy and toughness, Mar 
Temp Salt is the answer for 
precision parts which need 
long fatigue life. Martemper- 
ing in Houghton salts provides 
physical properties difficult to 
obtain by any other quench 
method. 


Houghton 


‘NOUSTRY’s PARTNER ! 


Philadelphia * Chicago + Carrollton « Detroit « South San Francisco « Toronto 
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FIVOPAK 
ELECTRO-HYDRAULIC 
FORMING 


Safe, efficient, compact, mobile — HIVOPAK operates indoors and provides the advan- 

tages of conventional explosive forming with none of the hazards and complications. 

This advanced metal forming equipment operates at 7,500 volts in complete safety, 

from an ordinary 110-volt circuit. © HIVOPAK impulse-released power will blank, 

form, trim or perform a// three operations on sheet or tube metals — conventional 

or exotic. Approximately a forty micro-second discharge forms the work piece 

and HIVOPAK recharges in less than 30 seconds. Operations are repeatable with ft p= 
maximum tolerance control. e HIVOPAK operates by simple pushbutton control _ 
with no shock or external blast. The equipment is designed for indoor use without 
special foundations or complicated plumbing and requires less than 30 square 
feet of floor space. Write for complete information to: Advanced Products Depart- 
ment, General Dynamics Corporation, P. O. Box 6231, San Diego, California. 


HIVE PAIK 


GENERAL DYNAMICS | ADVANCED PRODUCTS DEPARTMENT Gill lI ID 
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tip of a needle-shaped emitter which 
is the specimen. The image-produc- 
ing medium is supplied to the tip 
from the outside in the form of he- 
lium gas atoms. High voltage pro- 
duces a field at the tip surface of 
sufficient strength: to ionize the gas 
atoms. Under the influence of the 
field, ions are accelerated toward a 
viewing screen where they depict 
the place of their origin. 

There are two important advan- 


tages of ions over electrons as 
charged particles which produce the 
image. The larger mass of the ion 
results in a wave length that is 
shorter than that of an electron of 
comparable energy; this improves 
the limiting resolution. Also, by 
having the specimen tip at liquid- 
nitrogen or liquid-hydrogen temper- 
ature, gas atoms, which obey Boltz- 
mann statistics, are slowed down 
and stripped of a random tangential- 
velocity component which would 
produce a blurring of the image after 
their ionization. Electrons, follow- 


HOBART 


HOBART AC/DC WELDER COMBINATION 


**WELD Extra Thin Metals with extremely low current 


... aS low as 1 AMPERE! 


Get more convenience features with Hobart’s ADI weiders for greater 
versatility and wider welding range. The new AC-DC models feature— 


e Welding currents down to 1 AMPERE for welding thin materials 
e A new high frequency circuit for easier arc starting 


e@ An automatic high frequency cutout circuit for restarting the 
arc in the event of an arc outage (High frequency can be 
operated continuously if desired) 


e A new AC circuit for cleaner welds on aluminum 
@ A choice of AC or DC welding or inert Gas AC or DC 
¢ A new spot welding timer as an optional feature 
—for more complete information write for bulletin ADI 


*Models ADI 2641—200 amp. *ADI 3641—300 amp. 


ADI 5641—500 amp. 
{welding range 35 to 600) 


HOBART BROTHERS CO., Box mw-i1, Troy, Ohio, Ph. FE 21223 


“Manutacturers of the world’s most complete line of arc welding equipment” 
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ing Fermi statistics, have large tan- 
gential velocities which cannot be 
appreciably reduced by lowering the 
temperature of the emitter. In prac- 
tice, resolution of a field ion micro- 
scope is 2.7 A., which is the spacing 
of adjacent lattice atoms, as opposed 
to a resolution of 20 A. for a field 
electron microscope. 

Since all metals with melting 
points below 1400°C. (2550° F.) 
evaporate when subjected to fields 
above 400 million v. per cm. (the 
field necessary to ionize helium gas) . 
application of the microscope is 
limited to refractory metals. De- 
spite this limitation, it has many im- 
portant uses. 

Besides showing an atomic crystal 
lattice directly, another contribution 
is the ability of the instrument to 
reveal individual vacancies, inter- 
stitials and dislocations. Although 
structural details of lattice defects 
and their importance in determining 
properties are now well known to 
physicists and physical metallurgists. 
defects could not be seen directly 
as long as it was impossible to see 
individual atoms forming a crystal 
lattice. 

Field ion micrographs reveal in- 
dividual atoms and show interstitials. 
vacancies and dislocations in a strik- 
ing way. Figure 2 shows a field ion 
micrograph of a platinum crystal. 
The (001) plane is in the center, 
and at the corners are the four (111) 
planes. There are also more than 
100 crystal facets with higher Miiller 
indices on this crystal hemisphere, 
many of them resolved in single 
atoms. After an earlier inspection 
had shown that the crystal was 
nearly perfect, the specimen was al- 
lowed to recover at room tempera- 
ture from a radial stress of 1 ton per 
sq-‘mm. produced by the electro- 
static force of the imaging field. 
Then the micrograph shown in Fig. 
2 was taken. The crystal is no 
longer perfect; there are numerous 
dislocations on the surface. 

Vacancies also can be identified 
readily. By carefully stripping off 
monatomic layers (by use of field 
evaporation at liquid hydrogen tem- 
perature), Professor Miiller has been 
able to count the number of vacan- 
cies in each layer and ultimately to 
arrive at a value for the concentra- 
tion of vacancies in the specimen 
under study. 

Sophisticated experimental facil- 
ities inside the microscope make it 


METAL PROGRESS 


y 
4 
| 
| 
q 

at 
ag 

| 
2 
is 

131-A 
Tinks 


METALGRAMISS 


CARBID 
» « « news of "“Electromet" ferroalloys and metals 
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COLUMBIUM -- AN OLD ELEMENT WITH NEW USES -- Although columbium was 
discovered by Hatchett in 1801, it did not find any metallurgical uses until the 
1930's. Then, Union Carbide Metals found that columbium prevented intergranular 
corrosion of 18-8 stainless steels, allowing welding. Other UCM findings: 

(1) Columbium improved the strength and toughness of plain-carbon and low-alloy 
high-strength steels; (2) Columbium reduced air hardening in plain-chromium 
stainless steels; and (3) Columbium increased the strength of high~alloy 
compositions at high temperatures. These applications find wide 

commercial use today. 


* 


COLUMBIUM STEELS CAPTURE HEADLINES -- Recently, a lot of interest has been 
shown in carbon Steels containing a pinch of columbium. Up to 0.03 per cent 
improves strength and weldability with only a minor loss in ductility. At a price 
only slightly more than plain-carbon grades, the high-strength of these steels 
offers cost Savings by permitting designers to use lighter Sections. Today, 
columbium steels are being used in trucks and trailers, earth-moving and 
construction equipment, oxygen cylinders, and line pipe. 


% * 


GROWTH PROBLEMS -- Columbium steels are having growing pains, though. 
Of some concern has been the transition temperature from ductile-to-—brittle 
fracture. Although satisfactory low-temperature impact properties have been 
obtained in plate thicknesses up to 3-8 in., the transition temperature of heavier 
plate sections has increased. Research has shown that higher manganese contents, 
water quenching off the hot mill, or normalizing can improve heavier section 
impacts. For more information, write for the article, "Columbium in Carbon Steels,* 


in the Fall 1961 issue of UNION CARBIDE METALS REVIEW. 
Fer more information circle 1872 on page 488 


x * 


FERROCOLUMBIUM AND COLUMBIUM METAL == Union Carbide Metals has been 
producing high-quality ferrocolumbium and ferrotantalum-columbium, for steel and 
high-temperature alloys since 1935. Now, UCM also offers electron-—beam-melted 
ingots of columbium metal -- the purest columbium available. Columbium metal and 
columbium=-base alloys have many potential uses. Their superior strength at high 
temperatures suggests many aircraft and space-vehicle applications. Their 
resistance to molten salts opens up chemical-equipment uses. Columbium’s moderate 
neutron cross-section allows use in nuclear-reactor structures. Alloys of columbium 
are also being widely tested as superconductive materials. For more information, 
write for F-20,133 on ferrocolumbium, data sheet Cb=-1 on columbium metal, 
and the article, "Mill Products Multiply," in the Fall 1961 issue of 
UNION CARBIDE METALS REVIEW. 


For more information circle 1897 on page 488 
* * * 


UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. ¥. In Canada: Union Carbide Canada Ltd., Toronto. 


"Electromet"” and "Union Carbide" are registered trade marks of Union Carbide Corporation. 
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MODELL 
Camera 


Reserve your metallograph for 
the more exacting studies. Let 
this versatile low cost Model L 
Camera carry some of the load. 
You get facilities for high-pow- 
er microscope work .. . plus a 
Macro Stage accommodating 
the widest range of gross speci- 
mens. And this popular 5 x 7 
camera with 30” bellows-draw 
photographs at all powers in 
crisp, vivid detail. 


Made in 


America, to BAUSCH & LOMB 
the world’s 
— 


| BAUSCH & LOMB INCORPORATED 
| 84923 Bausch St., Rochester 2, N. Y. 
Please demonstrate Model L Camera. 


- (D Please send me Catalog E-210. 


NAME ... 
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possible to give the specimen vari- 
ous treatments and to make observa- 
tions of various structural changes 
within the lattice. Fatigue, creep, 
slip, cathode sputtering and alpha- 
irradiation experiments have been 
carried out. The specific lattice 
condition does not change during 
observation because the tip inside 
the field microscope need not be ex- 


posed to high temperature. 
Chemisorption Studies 


Not all studies of surface behavior 
can be performed by direct observa- 
tion of surface appearance. For ex- 
ample, chemisorption (adhesion otf 
a molecule to a surface when elec- 
tronic interactions between adsorb- 
ent and adsorbate occur) is a phe- 
nomenon which is advantageously 
studied by observations of saturation 
magnetization. P. W. Selwood and 
his associates at Northwestern Uni- 
versity are making measurement of 
this kind. Small particles of nickel 
and cobalt with average diameters 
less than 100 A., and perhaps as low 
as 30 A, are supported in a silica 
gel. When a measured quantity of 
hydrogen is adsorbed on the sur- 
face of these particles, some of the 
electron spins which are unpaired in 
the elemental metals are paired in 
the bonding process. Redistributions 
of electronic states can be deter- 
mined by measuring saturation mag- 
netization at liquid-helium tempera- 
ture and in fields up to 18,000 
oersteds. Adsorption of hydrogen on 
particles always results in a decrease 
in saturation magnetization. For 
nickel particles, about 0.7 electron 
spins are paired for every hydro- 
gen atom chemisorbed. The frac- 
tional value suggests that interacting 
electrons are localized near the 
adsorbed species; similarity of 0.7 
to the number of unpaired spins per 
atom of pure nickel was thought to 
support a view of localized (cova- 
lent) nickel-hydrogen-bond forma- 
tion. However, when the experi- 
ment was repeated using cobalt 
particles, only 0.4 electron spins 
were paired per atom of hydrogen 
chemisorbed. The _ interpretation 
used for the nickel results would 
suggest that every hydrogen atom 
chemisorbed on cobalt should pair 
1, or perhaps even 1.7, 3d electrons. 
Both experiments can be explained 


by postulating the existence of a set 
of molecular orbitals localized 
around the chemisorbed hydrogen 
atoms and the neighboring surface 
atoms. Part of the hydrogen elec- 
trons go into these orbitals and the 
rest interact with the unpaired 3d 
electrons. 

Two other observations—of partic- 
ular interest to workers in the field 
of heterogeneous catalysis—concern 
the adsorption of hydrogen and car- 
bon monoxide on nickel. When hy- 
drogen is adsorbed on nickel, there 
is no important change in bond type 
as surface coverage increases, de- 
spite the fact that heat of adsorption 
decreases markedly. Carbon monox- 
ide adsorbed on nickel is bonded 
primarily in the linear form (Ni— 
C—O) until coverage is fairly 
large, after which more than one CO 
molecule may be adsorbed on a 
single nickel atom. 

Perhaps the most significant thing 
about these surface studies is the 
fact that, although there is no di- 
rect observation of the surface, one 
can, by following magnetic behavior 
of the material, make rather un- 
ambiguous interpretations of what is 
going on during the adsorptive 
process. 


Etch Pits on Single Crystals 


F. W. Young, Jr., (Oak Ridge 
National Laboratory) described ex- 
perimental techniques which seem 
to lie somewhere between those of 
Miiller and Selwood in terms of the 
subtlety of the relation between the 
property actually observed and the 
surface feature under study. He 
examines etch pits on crystal faces of 
nearly perfect single crystals of cop- 
per (treated with special etching 
solutions) and relates them to the 
presence of dislocations in crystals. 

There are two motivations for es- 
tablishing this relationship. First, 
the delineation of dislocations by 
etch pits enables one to study 
motion of dislocations caused by 
mechanical deformation and by an- 
nealing. Second, definition of the 
role of dislocations in the etching 
process may lead to an improved 
understanding of the dissolution 
mechanisms. 

Although dislocations are of 
atomic dimensions, etch pits must 
be made large enough to be visible 
with an electron or a light micro- 
scope. The solution of this prob- 
lem requires an understanding ot 
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two fundamental processes for dis- 
solution of metals: (a) nucleation of 
steps at a source, and (b) motion of 
these steps away from the source by 
removal of atoms from the steps 
into the surrounding medium. 

Irrespective of the complexity of 
a corrosion process, it always occurs 
at steps. For face-centered cubic 
systems, a step is assumed to exist 
when atoms on a surface have seven 
or less nearest neighbors. Built-in 
steps are not present on close-packed 
surfaces; they must be nucleated 
there if surface reactions are to take 
place. Since intersections of dis- 
locations with the surface are a 
source of steps it is probable that 
etch pits will be observed at points 
where dislocations intersect close- 
packed surfaces. 

However, the nucleation of a 
monatomic step cannot be observed. 
Rather, many closely spaced steps, 
one inside the other, must occur 
before a pit becomes deep enough 
to be visible microscopically. It has 
been found that this condition is 
achieved when etching solutions 
contain certain ingredients which 
serve to “poison” freshly nucleated 
steps and prevent them from moving 
rapidly over a surface. 

The restrictive and demanding 
nature of the experimental tech- 
niques is obvious: Etch pits related 
to intersections of dislocations can 
only be observed on close-packed 
crystal faces — and then only if the 
etching solution contains an ingre- 
dient which assures that the etch 
pits consist of many concentric steps 
which have been nucleated in one 
place before the first steps have 
moved very far from the source. 

Since surface crystallography is 
important, the pits should have 
shapes that are related to the crystal 
symmetry of the etched face — that 
is, square pits on (100) faces, tri- 
angular pits on (111) faces, rec- 
tangular pits on (110) faces. 

Impurities collect around disloca- 
tions because of interactions with 
the dislocation stress fields. These 
impurity atoms affect the extra 
energy available to atoms in the 
vicinity of a dislocation, and etch 
pits formed at such “dirty” disloca- 
tions differ in appearance from those 
formed at dislocations which do not 
contain impurity atoms. The latter 
are called “clean” dislocations. Fig- 
ure 3 shows clean dislocations of 


the edge type (the line marked 1), 
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clean screw dislocations (2), and 
“dirty” or grown-in dislocations in 
the grain boundary (3). 

To produce this composite array 
of dislocations, a crystal with a 
(111) flat was previously hardened 
by neutron irradiation and then bent 
to produce new edge and “clean” 


electropolished and etched in a so- 
lution which effectively reveals etch 
pits on (111) faces. 

An important point, of course, is 
whether there is a 1:1 correspond- 
ence between pits and dislocations. 
Dr. Young’s experiments, as well as 
those of other investigators, suggest 


Fig. 3— Delineation of Disloca- 
tions by Etch Pits on a Cop- 


screw dislocations. It was then 
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Properties vs. Surface 


A.R.C. Westwood (Research In- 
stitute for Advanced Studies) called 
attention to the fact that mechanical 
properties of materials are signifi- 
cantly affected by various surface 
conditions. Considering the stress- 
strain curve (OAB) of Fig. 4 to be 
that of a clean single crystal, there 
are two ways in which the surface 
can influence this curve. The pres- 
ence of a solid coating on the surface 
will produce “Roscoe effects” (OCD 
and OCE) involving: (a) an increase 
in the flow stress, (b) variation in 
subsequent rate of work hardening 
-- increase or decrease, and (c) a re- 
duction in ductility. Alternatively, 
adsorbed polar molecules and liquid- 
metal films produce “Rebinder ef- 
fects” (OFG in Fig. 4): (a) a 
decrease in yield or flow stress, (b) 
a decrease in subsequent rate of 
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Another Bd Test System at work... 


Testing rocket motor solid fuel chamber. Specially 
researc and d d Magnaglo unit provides 
multi-directional magnetization (and demagetization) 
to find all crach-type defects in any direction. 


Fast — Complete — Yet Low Cost Testing 


Pinpoints All Defects in Thick or Thin Wall Weldments 
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unit for testing solid propellent rocket chambers. Its 
10,000 amp power pack provides multi-directional 
magnetization for complete detection of cracks on inside or 
outside surfaces of all welds, the chamber wall, exhaust 
ports, domes and other stressed areas. Where absolute test 
reliability is a million dollar responsibility, it speeds up 
inspection, assures complete test coverage and eliminates 
variations due to the human element. 


You may not test rocket chambers, but a Magnafiux-built unit 
—special or standard—can offer you equally spectacular test 
safety and economies. This goes for testing virtually any 

component or assembly of complex shape, or awkward size. 


This Magnaglo unit is just another example of Magnaflux’ 
ability to supply a Test System or Method to meet your particular 
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anywhere else—and have for many years. Your Megnaflux Field 
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sels to prevent operating at a temperature that would result in a faulty product. 
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reliability. Each component is oversize for its required performance to permit 
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in a very reliable instrument of long trouble free field life. The extremely rugged 
construction of the Pyrotroller makes it highly resistant to machine vibration 
and its unusual accuracy in proportioning the heat supply enables it to maintain 
the optimum temperature at all times. 


Engineering service available on special applications 
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work hardening, and (c) a decrease 
in fracture strength. 

An explanation of the Roscoe 
effect in terms of mobility of dislo- 
cations leans heavily on two con- 
cepts. The first, proposed by Fisher 
in 1952, is that a dislocation line 
emerging unpinned at the surface 
but pinned at some interior point 
can serve as a source of dislocations 
—a surface source. Since these 
dislocations should be activated at 
roughly half the stress required to 
activate interior sources, it follows 
that Fisher-type surface sources 
should be responsible for initial 
plastic flow. 

The source’s operation would be 
restricted or prevented if a surface 
film pins the end of a dislocation. 
Then the specimen must utilize 
other sources of dislocations — in- 
ternal sources — which are “harder”; 
that is, they require a higher stress 
to activate them. The ultimate ef- 
fect would be that the surface film 
would increase yield stress. 

The second concept is that a sur- 
face film might be expected to pre- 
vent egress of dislocations from the 
crystal so that they become piled 
up beneath it. Since cracks can 
be formed by the piling up and 
coalescence of edge dislocations at 
stable obstacles, the rate of work 
hardening and fracture strength of 
a specimen should be affected. 
Considerable experimental evidence 
has confirmed these basic ideas on 
the influence of solid surface films. 

There have been many explana- 
tions proposed for the Rebinder 
phenomenon. Earlier explanations 
by Rebinder and his co-workers — 
in terms of effects of microcracks 
and decrease in surface energy 
which accompanies adsorption — are 
not thought to be consistent with 
present-day ideas. Dr. Westwood 
and his associates, working with 
ionic crystals, are developing the 
hypothesis that the Rebinder effect 
involves preferred adsorption of 
polar molecules at points of emer- 
gence of crew dislocations. 

Having demonstrated that polar 
molecules are adsorbed at disloca- 
tions, they are working to show that 
such chemisorption provides a drag 
on the end of a dislocation half- 
loop like an anchor, making the 
dislocation more difficult to move. 
Thus, contrary to Rebinder’s early 
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.. the natural path assumed by the strip as it passes through the continuous 
Annealing Furnace. Complete exposure of the strip surface to heat and furnace 
atmosphere and the uniform stress throughout the strip assure maximum 
product uniformity. Support of the strip by special soft compressed asbestos 
disc rolls located outside the ends of the furnace assures an unmarked surface. 
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The support of the strip on special rolls and the proper application of thermal 
conditions are but part of the engineering technique and heat treating experi- 
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of stainless steel in all its forms has been a particular project at Drever. This 
specialization is reflected in the number of successful installations, in many 
sizes, now in operation. 
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observations, they feel that yield 
stress of ionic crystals should in fact 
be increased, not decreased, in sur- 
face-active environments. This has 
now been observed experimentally 
(curve OHK, Fig. 4). An interest- 
ing point is that Western workers 
find that many of the Rebinder 
phenomena reported in Russian lit- 
erature are virtually impossible to 
reproduce. 


Internal Metallic Surfaces 


While surfaces are thought of as 
being external to a body, bonding 
of one metal body to another occurs 
at the interfaces between them, and 


these interfaces constitute internal 
metallic surfaces: 

Beginning with the assumption 
that every substance should adhere 
to every other substance with which 
it comes into intimate contact. F. 
N. Rhines (University of Florida) 
explored the question “Why is ad- 
herence often very weak?”. It was 
proposed that a bond is always rela- 
tively stropg and that strength of 
adherence is determined by me- 
chanical properties of phases in con- 
tact and their geometric distribution 
in the joint. The bond interface 
is composed of a sequence of solid 
phase layers, each strongly adherent 
to its neighboring layers — bond 
strength being determined by resist- 
ance to rupture of the weakest 


Sawing 45° miters in any kind of material 
has always been a simple task for MARVEL 
Saws, but moving the work up automatically 
and making consecutive cuts on an angle was 
a problem, especially when the work was long 
and cumbersome. 

This triple exposure photograph of a new 
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angle or miter cuts. The work is held station- 
ary while the column, which carries the blade, 
is fed forward, meeting the work squarely to 
insure accurate cutting. After the cut is com- 
pleted, the work is automatically moved up 
and measured, and another cut made. 
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Automatic miter cutting is just one of many 
exclusive universal features of these band 
saws. Designed to utilize every advantage of 
high speed steel band blades, Marve No. 81 
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Only the marvet No. 81 Band Saws have the 
“SURE-LINE” Automatic Accuracy Control 
(basic patent applied for) which literally 
steers a blade to make a straight cut. This 
unit extends usable blade life as much as 50%. 

Marve No. 81 Series Band Saws are prov- 
ing themselves daily, as the most versatile ma- 
chine tools in production metalworking plants. 
For complete details, ora demonstration of MARVEL 

write: Manutac- 
turing Co., 5700 W. Bloomingdale Ave., Chicago 39, It! 
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phase in sequence. In simple ten- 
sion or pure shear, soft materials 
assume the role of weakest layer; 
while in bending, brittle materials 
behave as weakest in the sequence. 

Another concept, particularly ap- 
plicable to bonds formed by diffu- 
sion layers, concerns the way that 
mechanical and chemical stability of 
a bond is fostered by minimizing its 
interfacial energy. Diffusion layers 
that form correspond to a consecu- 
tive sequence of tervariant (having 
three degrees of freedom) and 
higher-order equilibria traversing 
the phase diagram between terminal 
compositions of the diffusion couple. 
The diffusion layer sequence must 
represent a minimum free energy 
configuration for the components in- 
volved since a common observation 
is that this sequence of layers will 
thicken without change in number, 
kind, or sequence. 

Such a sequence will remain 
stable as long as no new components 
are introduced into the system, and 
its properties will remain the same 
over a period of time. However, 
the introduction of a new compo- 
nent may require revision of the 
phase-layer sequence. These prin- 
ciples may be used as practical 
guides to the extent that they indi- 
cate what kinds of changes would 
have to be made in the structure 
of a bond to alter its mechanical 
properties in a specific way. @ 


Refractory Metals—Their 
Melting and Casting 


Though fairly large ingots of 
molybdenum, columbium, tan- 
talum, and tungsten can be pro- 
duced, commercial processes for 
making shaped castings of these 
metals are still in the future. 


N SUMMARIZING THE PRESENT state 

of the art of melting and casting 
of molybdenum, columbium, tan- 
talum, and tungsten, this report 
placed particular emphasis on the 
status of producing shaped castings 
of these four refractory metals. 
Three major processes are used for 
making forms of refractory metals: 
powder metallurgy, vacuum arc 
melting, and electron-beam melting. 
In the powder metallurgy process, 
ingots (which can weigh several 
hundred pounds) are produced by 
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You Check Warehouse Availability 
Right At Your Own Desk 


How often have you wished that you could bring the tool steel warehouse 
right to your desk so that you could see what grades and sizes and shapes 
are available immediately? 

The new Allegheny Ludlum STEELECTOR Program does virtually just 
that. Special Data Stock Lists (18 of them) for each STEELECTOR Grade specify 
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plus other data.- 
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and warehouse stocks have been selected and arranged to take the pressure off your 
own inventory. With the STEELECTOR Program you can select tool steels 
almost at a glance and be sure that the steel you have picked is in stock— 
ready for delieiey-tentons you place your order. 

Three STEELECTOR Cards make it easy to choose the proper steel for 

our application. The cards cover tool room, hot work, and high speed grades. 

e properties of the STEELECTOR Grades are shown by bar graphs for abrasion 
resistance, toughness, size stability, machinability, and red hardness. You can 
pick the grade with the particular combination of properties you need 
just by glancing at the graphs. 

The colorful Tool Steel STEELECTOR Booklet gives complete details 
of the program, explains the Data Stock Lists, and includes the three 
STEELECTOR Cards. Ask your Allegheny Ludlum sales representative for your 
copy, or write: Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pennsylvania. Address Dept. MP-11. 
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And, get high strength, 
light weight and 
low conductivity 

-all with J-M 
Superex Blocks 


For the lowest shrinkage and maximum strength at ex- 
tremely high temperatures, heating engineers through- 
out the country choose Johns-Manville Superex® blocks. 

Made of diatomaceous silica and asbestos, Superex 
can withstand temperatures up to 1900F. Even when 
subjected to this extreme heat, Superex’s linear shrink- 
age is only 2.7%. What’s more, its low conductivity at 
high temperatures (.82 at 1000F mean temperature) 
and high compressive strength (only 4%” compression 
under 85 lbs. per square inch) provide excellent effi- 
ciency and long, maintenance-free service. 

Superex has built-in installation economies, too! Its 
light weight, large 12” x 36” size and dimensional uni- 
formity make for fast, sure installation. No wonder J-M 
Superex is the preferred insulation for hot blast stoves, 

For full details, write to J. B. Jobe, Vice President, 
Johns-Manville, Box 14, New York 16, N. Y. In Canada: 
Port Credit, Ontario. Cable: Johnmanvil. 
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Fora pre-cleaning short-cut to better plating 
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Now—remove smut, rust and soils 
with one electrocleaner: Oakite 190 


Here is a new reverse-current cleaner that performs two 
operations at once. (1) It removes the oily soils normally 
requiring an alkaline cleaner... and (2) it removes smut 
and rust bloom normally requiring additional treatment. 

New Oakite 190 performs this double duty because it’s 
a chelated detergent. Chelation—which makes metallic salts 
and oxides soluble in water—handles the removal of smut, 
heat scale and rust. Powerful alkaline detergency handles 
the removal of oil films and shop soil. As a bonus, Oakite 
190 has high conductivity, rinses well in hot or cold water. 

Result: new Oakite 190 insures fewer plating rejects due 
to inadequate pre-cleaning, eliminates an entire operating 
step in many instances. 

For more details about Oakite 190, ask your local Oakite 
man or write to Oakite Products, Inc., 25A Rector Street. 
New York 6, N. Y. 


it PAYS to ask Oakite 
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Circle 1907 on Page 48-B 


OVER 50 YEARS CLEANING EXPERIENCE + OVER 250 SERVICE MEN + OVER 160 MATERIALS 


Refractory Metals . . . 


hydrostatic pressing appropriately 
prepared powders in a plastic con- 
tainer; the compacts are then 
sintered. Refractory metals are also 
vacuum remelted by the consum- 
able-electrode process. Unlike in- 
gots produced by powder metallurgy 
techniques, arc-melted ingots, which 
can be up to 24 in. in diameter, 
characteristically have a large grain 
size with insoluble impurities con- 
centrated at the grain boundaries. 
As a consequence, these ingots are 
generally more difficult to work than 
ingots made by powder metallurgy 
methods. Very pure ingots can also 
be made by the electron-beam drip 
melting process. This relatively new 
method employs a high vacuum in 
which an electron beam is main- 
tained. Very high temperatures are 
produced in the system. A beam of 
electrons is emitted from each of 
two resistance-heated tungsten fila- 
ments or “electron guns”. When 
operating, the upper gun is focused 
on the tip of a metal bar which then 
melts and drips into a cold copper 
mold. The top layer of the ingot is 
kept molten by the electrons emit- 
ted from the lower gun. As for the 
ingot mold, it is shallow and open 
at the bottom so that the ingot can 
be extracted from the mold as it 
freezes. The rate is such as to main- 
tain the top of the molten pool at a 
constant level. 

Columbium and tantalum are par- 
ticularly well suited to electron- 
beam melting. Almost all of the 
impurities are removed by evapora- 
tion during the melting cycle, a fea- 
ture of real importance since the 
maintenance of extremely high pur- 
ity is the key to the production of 
refractory metals with good 
ductility. 

In refractory metal applications 
for space vehicles, molybdenum has 
a dominant position because of its 
outstanding properties in the 2000 
to 2500° F. range. However, molyb- 
denum has two major shortcomings, 
brittleness at low temperature and 
poor oxidation resistance at high 
temperatures. Brittleness may be 
largely overcome by purification. 
Resistance to oxidation has also been 
improved by the development of 
coatings that are protective at tem- 
peratures up to 2500° F. 
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give consistent long life 


General Alloys’ combination Wrought-Cast Radi- 
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VACUUM 
TESTS 


Marshall Furnaces, specially designed for 
Union Carbide Metals Company, Niagara 
Falls, N.Y., make possible vacuum tests 
at temperatures to 4000° F. In tensile 
machine (right), furnace creates temper- 
atures to 4000° F. at pressures less than 
0.2 micron to test tungsten, tantalum, and 
columbium base alloys. Dynamic Moduli 
Furnace (above) produces up to 4000° 
F. for vacuum dynamic moduli tests. 

These very specialized furnaces are 
evidence of Marshall’s unique experience 
and capabilities in designing and building 
high temperature testing equipment. 

Marshall also offers standard tubular, 
resistance wound, shunt-type furnaces for 
test uses to 2600° F.in air. Furnaces 
feature uniform temperature or regulated 
temperature gradient, and rigid zone con- 
trol to +1%° F. Models from 1” to 12” 
ID or more, and a few inches to several 
feet long. Complete packages can include 
furnace, vacuum equipment, temperature 
control and electrical equipment, support 
stands and brackets. Write for literature. 
MARSHALL PRODUCTS CO., 270 
W. LANE AVENUE, COLUMBUS 2, 
OHIO (Phone AX 9-4159). 
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Progress in Casting Techniques 


Significant progress has been re 
ported in research aimed at the 
production of shaped castings from 
all four of these refractory metals. 
Molybdenum has been cast in static 
and centrifugal molds using the so- 
called skull-melting process. Four 
different experimental designs of 
castings have been produced: (a) 
a fluidity test runner with a diameter 
of 7/16 in., (b) a plate measuring 
1 by 2 by 8 in., (c) a pipe tee, and 
(d) a centrifugally cast cylindrical 
tube 4% in. outside diameter, by 8 
in. long with a wall thickness of 1 in. 

However, more research is needed 
before static castings of molyb- 
denum can be produced with accept- 
able surface appearances and satis- 
factory internal soundnesses, even 
though centrifugal castings of mo- 
lybdenum can be made dense and 
sound at the present time. As a 
criterion, good castings are expected 
to have mechanical and _ physical 
properties comparable to those of 
sections taken from arc-melted 
ingots. 

What is believed to be the first 
columbium casting was recently re- 
ported. An experimental tube blank. 
10 in. long with an outside diameter 
of 4 in. and a wall thickness of 1% 
in., was centrifugally cast. The 
metal was arc-melted in a skull fur- 
nace under vacuum, and cast in a 
machined graphite mold. 

Several attempts to cast tantalum 
in machined graphite molds have 
been reported. Five heats were 
successfully cast in the form of 
fluidity spirals % in. in diameter, 12 
in. being the maximum length 
achieved. These results indicate 
that shaped castings of both colum- 
bium and tantalum are feasible. 
However, no commercial casting 
processes have been placed in oper- 
ation to date. Additional research is 
required, particularly in the areas of 
gating and risering as well as in alloy 
development. 

Considerable progress in the cast- 
ing of tungsten has been reported 
recently. Although the quality of 
tungsten castings is not as good as 
that obtained with tantalum and 
columbium, it is hoped that a good 
technique will soon be developed. 

(Continued on p. 156) 
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Marshall Furnaces at 
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He We 


The Buyers Guide 
For Metals Engineers 


U.S. Patent No. 2,896,511 
Other Patents Pend. 
U S. and Canedo 


@ Now with the TENSILTWINS, what- 
ever your testing methods or materials, 
you can have perfect precision ma- 
chined physical test speciments in less 
than two minutes. 


@ TENSILKUT precision machines all! foil, film, sheet 
and plate metals from .0005” foil to .500” plate. Hard 
.001 stdiniess steel foil to soft aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 
tions accurate to + .0005”. Machined edges are com- 
pletely free of cold -working or heat distortion and re- 
quire no hand finishing. 


@ TENSILKUT table and floor models are available with 
motors from ¥2 to 2¥2 h.p. Write for free brochure. 


@ TENSILGRIND precision grinds phys- 

ical test specimens from high alloy 

refractory metals and hardened sheet 

and plate metals to RC 65. 

@ The test samples are precision ground by a series of 
light passes of the metal against a 7 inch diameter 
contoured grinding whee!. The matched master templates 
accyrately control the specimen configurations to 
+,0005” and are interchangeable with TENSILKUT tem- 
plates. 


@ TENSILGRIND is mounted on a metal cabinet ant 
includes a totally enclosed Ye HP motor, micrometer 
adjustments, built in radial diamond wheel dresser, and 
solenoid controlied misting system to insure cool grind- 
ing of test specimen edges. 


Write for descriptive literature. 

SIEBURG INDUSTRIES 

Danbury Industrial Park, Danbury, Connecticut 
Circle 32 on Page 48-B 
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NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


einstantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

e Based on eddy-current principles 

e@ Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


.@ Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

@ Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 
testing probiems 


unit process 
ASSEMBLIES, ING. 
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product defects 


getting you down? 


let us help you... 
find hidden cracks 


with magnetic particle or dye 
penetrant inspection equipment 


find deep-lying defects 


with x-ray or gamma 
radiography equipment 


see “innards” directly 


with bright-image fluoroscopes 


work out the method 


at our Industrial Applications Lab 


call any local Picker office 


where a technical expert is always near 
(see ‘phone book) or write 


PICKER X-RAY CORPORATION 
25 So. Broadway, White Plains, N.Y. 


Circle 34 on Page 48-8 
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DP POLISHERS 
for Metallography 


“DP” Method Diamond 
Polishing for Absolute 
Uniformity, Speed 
and Economy 

Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 
P. O. Box 646, West Caldwell, N. J. 
Circle 35 on Page 48-B 


Wa nt Precise 


Investment Castings? 


Cat High Production 
with Finer Finish! 


Uco @ Sherwood Wax Injection 


@ Saunders “Blue Wax”, 
@ Refractory Materials 
@ Fluidized Beds, 

@ Turntable Mixers, 


WE PROVIDE complete plant set-ups 
for Investment Casting. 


Send for latest product bulletins 
or complete catalog! 


Alexander Saunders 


INC. 
95 Street, New York 14, N. 


Circle 36 on Page 48-B 


ALL KLEAR 208 


CUTTING OIL 


best for all 

Machining Operations 
including Threading, 
Tapping and Broaching 

1 - Higher load-carrying capacity 

2 - Lower cost per gallon 

3 - Closer tolerance through better 
cooling 

4 - Higher film strength 

5 - Finer finish 


ALDRIDGE INDUSTRIAL OILS, Inc. 


3401 W. 140th $t., CLEVELAND 11, OHIO 
Circle 37 on Page 48-B 


prodyees an ulfra pure 24K: 
satin bright deposit that is stress 
free; extremely ductile and 
tight 
heat and corrosion resistance. 
Contains NO brighteners, either 
organi inorganic; NO free 
cyanide; harsh alkal 
acids; operate d 
simple 


@ will affect 
or phat 


Excell t resist for chromic ¢ 
and ferri¢ chloride etchants, 
resistance to s 

¥- 
 solderability, « 
ds 


and sal 


after pro 


Hy with goid sific 
y without discolor: 


Fuses pe 
eutectic a 


tion. 

@ May be pla directly on 
less steel, , kovar and 1 
alloys. 

@ Dee to its ex 
discolor whe ated. 


@ Meets all mille 
Class 1 24 Kt 


Techni | 


RO.Box 965 
Providence, 1 


STuart 1*6100 


Plant: Cranston, R. |. 


Chicago Office: 7001 No. Clark St. 
Circle 38 on Page 48-B 


New Harris Model 2L-2-075 rolls easily on 
casters. Famous Harris Cascade Refrigera- 
tion holds —130°F. within 1° dependably 
with minimum service. Protected against 
high pressure should power fail, re-starts 
automatically. Superior Harris performance 
at a modest price. Send for FREE literature 


and data sheets on “blue chip” users. (@) 
ARRI 302 River St. 
Cambridge 38, Mass. 
Since 1 
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MULTI MOTION DIES*.... 


FOR COMPACTING POWDERED 
MATERIAL TEST SPECIMENS.... 


® Tensile Bars 
Transverse Bars 
Green Strength 
Bushings 

Slugs 

Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 


DL-1001 shapes lab 
TENSILE TEST BAR 
MPA STANDARD presses. 


10-50 "PATENTED 


HALLER, INCORPORATED 


16580 Northville Rd. Northville, Mich. 
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Specialists in 
metal surface treatments 
KENVERT® chromate Coatings 


Bright Dips and Chemical 
Aluminum, Copper, Brass, Zinc, Cadmium, 
Zine Die Castings 


KENVERT compativie Brighteners— 


Zinc, Cadmium 


KENVERT cutting compound Remov. 


ers, Synthetic Detergent Type—All Metals 


Write for general summary Fact Sheet with 
details for over 50 products. 


CONVERSION 
CHEMICAL 
CORPORATION 


101 E. Main St., Rockville, Conn. 
Phone: TRemont 5-3357 


LICENSEES: 
Nicromatic Ltd., Toronto, Canada 


Dr. Schlotter, Geislinge Steige, Germany 


Silvercrown London, England 
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Hones POR 

HARDNESS TERS 
...answer the need for a light: | 
weight, accurate tester for on- 
the-job testing of flats, rounds 


and other items such as large 
gears, knives, saws, etc. 


Send for free bulletin 


AMES PRECISION MACHINE WORKS 
Waltham 54, Mex.. USA 


Circle 42 on Page 48-B 


with 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for production testing 
of steel bars, wire rod, and tubing. Detects 
surface and sub-surface flaws and variations 
in composition and physical properties at 
speeds of 120 ft. per minute. 


WRITE, WIRE or PHONE 
“FOR YOUR CATALOG 


Srar STAINLESS SCREW CO. 
647 Union Bivd., Paterson2, N. J. 
Telephone: CLifford 6-2300 
CORROSION 
nas } Direct N.Y. Phone Wisconsin 7-6310 
Direct Phila. Phone WAlInut 5-3660 
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MULTI AND SINGLE 
FREQUENCY EQUIPMENT 


Eddy current equipment for testing non- 
magnetic metal tubing, bars and wire, %” 
to 3” in diameter, for surface and sub- 
surface flaws, at speeds from 200 to 600 
ft. per minute. Multi-Frequency unit offers 6 
simultaneous inspection methods, including 
2 for indicating variations in mechanical, 
physical and metallurgical properties. Single 
Frequency unit offers 1 inspection method, 
and when used with D.C. energization, tests 
both magnetic and non-magnetic materials. 


FROM SPECIMEN 
TO PICTURE 


AUTOMATIC ALL-PURPOSE 
ELECTRO-POLISHER 
= Better results 
= Polishes larger area 
Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 
P. O. Box 646, West Caldwell, N. J. 
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ROTOTESTER EQUIPMENT 


Electronic equipment for inspecting drawn 
coiled steel wire, from Ye” to 1”, at die 
block. Detects flaws at normal draw speeds 
without marring material surface. 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


COMPARATORS AND 
METAL TESTERS 


Electronic instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
structure. 


@ 


BRINELL an VICKERS 
TESTS without 


microscopic 
measurements 


the Gries REFLEX hardness tester 
covers the ENTIRE range of hard- 
ness from the softest to the very 
hardest. It yields standard test 
data by Zeiss automatic projection 
system—the ultimate hardness test- 
er for research and routine inspec- 
tion. 


e 


Ask for bulletin No. A-14 


@ 


GRIES INDUSTRIES, 
Testing Machines Division 
NEW ROCHELLE 3, N.Y 
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DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi 
Method Equipment, inspection and demagne- 
tization are simultaneous. 


Circle 44 on Page 48-B 


METAL PROGRESS 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials and 


Circle 45 on Page 48-B 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added. 

Por information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write wo... 


OILS, Inc. 


3401 W. 140th St., Cleveland 11, Ohie 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


Circle 49 on Page 48-B 


ational 


95 Park 
Nutley 10, N. J. 


NOrth 1-1515 
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For the simplest 


or most complex 


ALUMINUM 
EXTRUSIONS 


Nothing is too intricate or difficule for 
Jarl. Four extrusion presses—including a 
new mammoth unique 3300 ton press 
make possible maximum versatility and 
widest possible range of highest quality 
low-cost 


Alumilite 
Anodizing 


SOLID EXTRUSIONS UP TO 
A 10%2” CIRCUMSCRIBING 
CIRCLE. ROUND 7” TUBES. 
RECTANGULAR 9” x 3” TUBES. 


- it... Send for stock die catalog 

[ or send rough sketches for 
= help with your design. 
JARL EXTRUSIONS, INC. 

Dept. MP, Linden Ave. + East Rochester, N. Y. 
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200 new & useo HEAT TREAT Furnaces 


FURNACE CO, 
SION OF 
AAA MACHINERY & 


10902 CEDAR RD. 


BUY WITH CONFIDENCE 
UNCONDITIONALLY GUARANTEED 
LESS THAN 50% OF NEW PRICE 
IMMEDIATE DELIVERY 
WE WILL BUY BACK 
TRADE, LEASE, OR TERMS 


We will engineer to your requirements 


All types available from stock 


EQUIPMENT COMPANY 
CLEVELAND 6, OHIO 
SW 1-3900 
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15 Day FREE Trial 


Guarantees Satisfaction 


ECTRONIC 
S TESTER 
L 955 


Model 955 determines the thi 
of decorative and heavy ben a 
silver, tin, cadmium, zinc, brass, copper, 
nickel, lead, and other metallic deposits 
on various base metals. 90 - 95%, 
accurate . Direct reading . 
simple operation. 


WRITE FOR LITERATURE TODAY: 


KOCOUR | COMPANY 


Lo 
32, 
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Wilson “Rockwell” 
TWINTESTER 


e Measures both “‘Rockwell” and 
*“Rockwell’”’ Superficial hardness 
on B, C, N, T and other scales 
e Easy to operate—change from 
“Rockwell” to “Rockwell” super- 
ficial testing in seconds 

e Large direct-reading dial with 
one zero set position for all scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, ““Rockwell” test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
available 


Wrile to Dept. DU. Ask for Bulletin TT-59 


WILSON "ROCKWELL’ 
HARDNESS TESTERS 


Wilson Mechanical co 
Instrument Division 


American Chain & Cable 
Company, Inc. 
230-F Park Avenue, New York 17, N.Y. 


Circle 54 on Page 48-B 


Circle 55 on Page 48-B 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

in Canada—Hamilton, Ontario 
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Magic\Chef turns to G.E.I. 


Instrument panels of Magic Chef ranges are — 


framed in the magic —aluminum . .. 
extruded, fabricated and anodized by 
GENERAL EXTRUSIONS, INC. This is an- 
other example of a leading manufacturer solv- 
ing his requirements for durability, beauty and 
ut iy with G.E.1.’s uniform quality and unfail- 
ing delivery. Discuss your extruded aluminum | 
s—one part or a million—with G.E.L 


GENERAL EXTRUSIONS, INC. 
4040 Lake Park Road, Youngstown, Ohic 
Sales Offices af St. Louis, 
Chattanooga, Cincinnati and Cleveland 
Consult your classified phone book 
under Aluminum Products 


Circle 57 on Page 48-B 


HUPPERT ELECTRIC FURNACES AND OVENS | 
for Laboratory and Plant 


FLOOR MODELS 
28 Standard Sizes 


BENCH MODELS 
Range: 300°F. to 2000°F. 


High temperature, heavy-duty Kanthal 
elements 

Multi-insulation 

Counter-weighted, tight-sealing door 
Operational pilot light 

Shipped ready to operate 


Inside Prices 
Dimensions 220 Volt Single Phase 
With Huppert] With Elec- 

Input tronic Prop 

Controller Controller 


Wide | High | Deep 


“For 2300°F. add 
$95.00 to No. 11 and 
No. 12, and $105.00 to 
No. 12A. No. 12A con 
be furnished for 3 phase 


” $296.00 $480.00 
12” 306.00 518.00 
12” 382.00 590.00 


Continuous operation to 1850°F.—— 
intermittent to 1950°F.—for 2300°F. 
on special order. 


Complete with automatic electronic 
controller. 
Tight-sealing, wedge-type door. 
Multi-insulation for maximum 
efficiency. 

Shipped Ready to Operate 
Model No. 16 Illustrated $1050.00 


18” 490.00 698.00 


ot no additional cost. 
For floor model add 
$52.00 to above prices. 
No. 869 standordly sup- 
plied for 2200°F. 


HUPPERT CO. 


For A Quarter Century 


6844 Cottage Grove Ave., Chicago 37, Illinois 


Also Special Models for Specific Requirements. 
Speciai KR-Supers to 3100 F. 


Request new catalog on 
furnaces, ovens, data, prices. 
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Two series (8012 and 8008) of ''space- 
saver’’ combination heat treating 
furnaces are produced by Lucifer Fur- 
naces, Inc. Hardening, drawing or 
preheating, and quenching operations 
can be performed with one furnace. Each 
furnace has separate controls permit- 
ting independent operation of each 
unit. The 8012 series chambers operate 
at 2300, 2000 and 1250° F.; while the 8008 
series chambers reach 2300, 2000, and 
800° F. The furnaces operate on standard 
line voltage . . . no transformer neces- 
sary. Twenty standard low-cost models 
are available and each is a complete 
unit . . . just connect to power 
supply. 


For information about the ‘'space- 
savers’, our complete line, or free 
engineering advice, call on. . . 


LUCIFER FURNACES, INC. 


Neshaminy 7, Pennsylvania 
Diamond 3-0411 
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NOW .. . mount Specimens 
BY THE DOZEN 


in less than 20 minutes 
with 


new, self-curing, clear plastic 
mounting material for metal- 
lographic examinations 
SAVES TIME * EASY TO MIX 
ELIMINATES 
HEAT and PRESSURE STEPS 
Order a TWO Unit Introductory 
Package today ... . $11.00 


(makes more than 100 mounts 
one inch diam. x %” high) 


FULTON METALLURGICAL 
PRODUCTS CORPORATION 


4710 Ellsworth Ave., Pittsburgh 13, Pa. 
MUseum 1-7550 
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TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 

* NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

@ NO SKILL REQUIRED 

@ SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

Many thousands used by industry and government, 

Write, wire or call for additional details and prices. 

NEWAGE INDUSTRIES, INC. 
bi 


222 York Road J. 


TUrner 48494 Dept. MP 
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More than 10,000 


For quick, precise measuring 
of nonmagnetic thicknesses 


Elcometer Thickness Gauge measures 
thickness of porcelain enamel, paints, 
platings, foils, glass, paper, plastics and 
other nonmagnetic coatings—with a 
guaranteed + 5% + .0001” accuracy. 
Handy pocket-size, it gauges flat or 
curved surfaces and hard-to-get-at 
spots easily. Needle-locking button 
assures correct reading every time. 
Now available in fifteen double-scale 
models, with contact spheres,‘‘V”’ block, 
or flat bases. 

Complete with tough leather case, 
inner pocket for test strips, and carry- 
ing harness. Weighs only 6 oz. 


8 3 B. Cleveland 


Write for free IMustrated Folder 
FERRO CORPORATION 
4150 East 56th St., Cleveland 5, Ohio 
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Rockwell-scaled 
HARDNESS TESTER 


POCKET SIZE 
and PRECISE 


Test Block accurate instrument 
only $39.50 complete 


A steel ball of exact weight and hard- 
ness is dropped from an exact height, 
insuring a precise reading in Rock- 
well C scale. Ideal for spot or produc- 
tion checking. Used in many of the 
finest plants and shops. Get ‘'on-the- 
job" readings anywhere with depend- 
able accuracy. Easy to use, easy to 
read. No moving parts to get out of 
adjustment, even if the instrument is 
dropped. A one-year warranty protects 
against defects in materials and work- 
manship. 


Send for one or more today at this 
low price. Satisfaction guaranteed. 


Detroit Hardness Tester Co. 
pet.epp.tor P| O. Box 397 © Franklin, Michigan 


8 8 88 
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A User 

of the New 
METALS 
HANDBOOK 
Says— 


“Last week my Metals 
Handbook provided 
specific information on 
corrosion of copper al- 
loys that made it worth 
many times its cost. | 
expect to order another 
copy so that I will have 
one at my home and 
another at my office.” 


How about you? 


Second copies are $30.00 
each (plus $2.00 postage if 
you are located overseas). 
Write for your copy to: 


American Society 
for Metals 


Metals Park, Ohio 
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THE ALL-NEW 


. . easiest and least expensive of all potentiometers to operate, convert and maintain 


Here, for the first time in a small-case potentiometer, you 
get all the operating and maintenance advantages of 
modular design, plus accuracy within+ 0.25%, a revolu- 
tionary new rebalancing element, and many other time- 
saving, cost-cutting, performance-improving features. 


speed by replacing quick-change drive gears. Standard 
chart speeds 1, 2, 6, 10, or 60 inches per hour. Plug into 
the instrument up to 8 contact control units for widely 
varied control possibilities. ElectroniK 17 instruments 
are available as strip or circular chart recorders, or 


Three basic modules—case, display and drive—make up circular scale indicators. 


the ElectroniK 17. The case fits standard 19-inch relay 
racks. Attach a carrying handle and the instrument is 
portable. Pull out the chassis to the service position 
without tools, without interrupting operation, or remove 
it completely. Vary chart speeds 4% or 2 times basic 


For the eye-opening details on great new ElectroniK 17 
instruments, call your nearby Honeywell field engineer, 
or write MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, Honeywell 
Controls, Ltd., Toronto 17, Ontario. 


DRIVE MODULE has. actu- 
ation board with quick-change 
range cord. STRANDUCER 

 gebalancing unit; easily re- 

movable, transistor amplifier; 

_ Zener diode constant current 

supply; reliable two-phase 

induction type  bolanting 


CASE MODULE fits standard DISPLAY MODULE is directly 


19-inch relay rack. Circular 


hart ond strip chart instru- 


- ment doors interchangeable. 


motor. A filter network rejects 


loop stray signals. 


interchangeable with other 
ElectroniK 17 display modules 
for conversion between strip 


chart, circular chart and cir- 
cular scale operation. You 
con stock just one spore 
display module for several 
instruments. 


~ You can pull out chassis to 
position without tools, 
without interrupting operation, 
oF remove if completely. 


STRANDUCER replaces 
slidewire. The STRAN- 
DUCER operates on the 
proven strain gage 
tiple. gives infinite reso- 
hes long fife, and is 
when the instru- 
ment operctes in ambient 
femperatures vp to 130°F, 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. 
Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan, 


Fiat Couttol 


NOVEMBER 1961 Circle 1910 on Page 48-8 151 


| 
| 
2 Q 
| 
| 
| 


HOW GET YOUR WORTH 


The operating efficiency of the vacuum furnaces you buy depends on how 
well the vacuum system is integrated with the heating function. With 
Stokes resistance and induction furnaces, you get a thoroughly integrated 
system that gives you top performance in both areas. 


By combining more than forty years of experience in equipment manu- 
facturing with the latest vacuum and heating techniques, Stokes has 
created a line of furnaces that delivers the ultimate in balanced perform- 
ance to meet today’s highest standards of product quality and uniformity. 


These furnaces handle products ranging from precision castings to nuclear 
materials and fabricated assemblies. Stokes standard furnace equipment 
is available for melting, sintering, brazing, degassing and heat treating. 
Melting furnaces are offered in sizes from five to five thousand pounds 
capacity for either batch or semicontinuous operation. Resistance furnaces 
cover all temperature ranges up to 2500°C. 


Let Stokes extensive vacuum metallurgical experience and facilities work 
for you. Stokes Engineering Advisory Service can help in selecting the 
most efficient vacuum system for your requirements...from single 
units for research and development to complete turnkey installations. 
Get the vacuum help you need by writing or calling today. Vacuum 
Metallurgical Division, F. J. Stokes Corporation, 5500 Tabor Road, 
Philadelphia 20, Pa. In England: Vacuum Industrial Applications (VIA), 
Wishaw, Scotland. On ‘the Continent: Societe Generale d’Applications 
Electro-Thermique, Boulgne (Paris), France. 


in resistance and induction vacuum furnaces 


With a rated capacity of 4,000 pounds, this special- The Astronautics Division of General Dynamics 
urpose induction vacuum furnace ranks as one of the Corporation puts the world’s largest cold-wall vacuum 
argest ever built. Designed and built for the Sierra furnace into production. Furnished by Stokes as a 

Metals Corporation, the furnace is currently pro- complete turnkey installation, the facility is currently 

ducing nickel- and cobalt-base jet engine alloys. The being used in production brazing and heat treating 

vacuum pumping system is capable of developing of large, stainless steel assemblies. 

unusually high volumetric capacity at extremely low 

pressures in the range of one micron. 


STOKES INTERNATIONAL: PHILADELPHIA « TORONTO ¢ LONDON 
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ORDERED MONDAY 


with specs on the back of an envelope 


Your nearby aluminum extruder is geared 
to provide fast service. Your order doesn’t 
have to be big to be important to him. It 
doesn't have to wait for hundreds of others. 
And when it comes from his presses, deliv- 
ery is quick, because your plant is close to 
his. 


Speed is just one reason, however, for 


dealing with an independent extruder. 
Quality is another—the consistent quality of 
a specialist—the consistent quality of a sup- 
plier who takes a personal interest in your 
business. 


Service is equally important. Your inde- 
pendent extruder is at hand when you need 
him. And he has the know-how to analyze 


ALUMINIUM LIMITED 


ALUMINIUM LIMITED SALES, INC. 


111 W. SOTH ST., 


NEW YORK 20, NEW YORK 
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DELIVERED FRIDAY 


5000 high-quality aluminum extrusions 


your product line and show whether alumi- 
num extrusions can now replace any costlier 
parts or assemblies. 


You'll find that it’s good business to get 
acquainted with one of these extruder 
neighbors . . . specialists who are supplied 


with top-quality aluminum ingot by 
Aluminium Limited. 


AL 


Supplying metal and ideas to companies 
that work with aluminum. 


Mail this coupon 
for Extruder names and addresses: 


Aluminium Limited Sales, Inc. Dept. MP-11 
111 W. 50th St. 

New York 20, N. Y. 

Please send me a list of Independent Ex- 
truders in this area. 


Name 


Title 


Company 


Address 


State 
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SUBJECT: 


aluminum 


at work in steel 


Aluminum serves three purposes in ferrous metallurgy. It is (1) an 
alloying element, (2) a deoxidizer, (3) a grain-refining agent. 
Aluminum an Aid in Creating Wear-resistant Steels 

As an alloy of iron, aluminum has been put to good use in heat- 
resisting alloys and permanent magnet alloys. The largest single use, 
however, is in nitriding steels. The nitriding process is one in which 


.aluminum bearing steels are held for a long time in ammonia at an 


elevated temperature. The precipitation hardening which occurs with 
the dispersion of aluminum nitrides at the surface, gives these steels a 
hard, wear-resistant case. 

Aluminum a Versatile Control from Heat to Ingot 

As a deoxidizing agent, aluminum is used in various ways in steel. In 
rim, capped or semi-killed steels, aluminum can be used to partially 
deoxidize heats in the ladle, thus limiting the evolution of gases, or it 
can be used to stop reactions in the ingot. In the latter case, the degree 
of usage is varied. Some ingots are chemically capped by an aluminum 
addition. Other ingots may be aluminum treated only when it is 
necessary to control bleeding. Even when steels are fully killed with 
silicon, aluminum is sometimes, added in the ladle to insure complete 
deoxidation. 


Aluminum Refines Grain, Reduces Strain Sensitivity 

Steels which require aluminum for grain control fall into two main 
categories: (1) steels in which aluminum is added in conjunction with 
another deoxidizer, generally silicon; (2) steels in which aluminum is 
the only deoxidizer used. 


In the first instance, only enough aluminum is added to refine the grain 
and obtain the desired physical properties of a fine-grain steel. 


The second usage stems from the marked effect which aluminum has in 
reducing the strain sensitivity and strain aging of low carbon steels. As 
might be expected, the primary use for these steels is in sheet applica- 
tions where the metal undergoes severe deformation. 


Foote Manganese-Aluminum Alloys Produce 

Better Surface, Cleaner Steels 

Foote offers a series of manganese-aluminum alloys for steel-making. 
These alloys provide a high density means of adding aluminum to steel. 
In the alloyed form, greater dispersion of aluminum is possible. An 
added bonus is that this reduces the tendency towards “tapering off” of 
aluminum analysis on the last ingots. Better surface and cleaner steels 
are reported with use of Foote alloys. 


For further information on Foote 
manganese-aluminum alloys, write 
Technical Literature Department, 
Foote Mineral Company, 424 
Eighteen West Chelten Ave., 
Phila. 44, Pa. 


FOoT 
MINERAL COMPANY 
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Refractory Metals . . . 


According to one report, tungsten 
has been cast to the rough contour 
of a rocket nozzle through use of 
the skull-melting process. For this 
nozzle, approximately 100 Ib. of 
molten tungsten was poured into a 
machined graphite mold. Although 
some of the molds were used for as 
many as eight castings, indications 
were that they could be used several 
times more before discarding. Car- 
bon was absorbed and diffused into 
the surface of the castings (with or 
without the use of mold coatings) 
on the order of 150 mils. 

Refractory metals have also been 
produced by a thermit reaction in a 
recently patented apparatus capable 
of withstanding very high pressures 
and temperatures. Although most 
of the development work was per- 
formed with tungsten, similar work 
has also been done with molyb- 
denum, columbium and _ tantalum. 
As described in the patent, the proc- 
ess is conducted in a cylindrical steel 
furnace, which is protected by the 
inner wall of replaceable sleeve. 
This sleeve is made of an expend- 
able refractory material. The charge 
was composed of a thermit mixture 
—fine aluminum powder mixed 
with tungsten oxide. In operation, 
the base of the furnace is placed in a 
vertical position so that the charge 
contacts the metal base. A metal 
piston then touches the top of the 
charge, and action starts when an 
electric current flares from the fur- 
nace wall to the mixture. The ap- 
plication of the piston subjects the 
mixture to a high pressure at the 
time that the reaction develops a 
high temperature. Since the reac- 
tion is so violent that it approaches 
detonation, 10 to 15 Ib. (of tung- 
sten) is the maximum that can be 
produced with safety. Purity ranges 
between 99.0 and 99.6%, and the 
time cycle is about 20 min. 


Summing Up 


Problems inherent in melting and 
casting the refractory metals are well 
recognized and are being investi- 
gated. In fact, efforts to surmount 
these difficulties surpass the present- 
day demands for ingots produced 
by these processes. Improvements 
would undoubtedly occur more 
rapidly if a substantial increase in 
application for refractory metals 
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“With us, dependability is all-important, because 
our entire melting line is served by one blower. We 
selected a Spencer blower because we like its record 
of reliability’. 


THE AMERICAN HARDWARE CORP. 
NEW BRITAIN, CONNECTICUT Further evidence of 


World’s largest maker of locks 
Spencer Reliability... 


and builders’ hardware. 


| 


10 FURNACES SERVED BY A SINGLE SPENCER BLOWER 


Throughout the metalworking industry, SPENCER blowers are 
first choice because of their: 


DEPENDABILITY—Simple, rugged construction—lightweight im- 
pellers the only moving parts. Result: reduced wear: long term, 
uninterrupted operation. 


COMPACTNESS—Sturdily built...with no unneccessary bulk. 


NON-CONTAMINATION FEATURE—All bearings are outside 
of casing. Therefore, there’s no internal lubrication. . . air cannot 
become contaminated . . . delivery of clean air is assured. 


EASY MOUNTING—Vibration-free operation simplifies attach- 
ment... permits freedom in positioning. 


Request Catalog No. 126C containing com- 
plete specifications on Spencer blowers, 
available in standard capacities of: 

¥3 to 1,000 H.P. 

Up to 20,000 C.F.M. 

4 oz. to 10 Ibs. pressure 
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Refractory Metals . . . 


could be foreseen. It appears un- 
likely that a large demand will de- 
velop in the immediate future for 
shaped castings of molybdenum, co- 
lumbium or tantalum. Although 
most companies engaged in space 
programs are generally reluctant to 
use them, indications are that some 
would seriously consider refractory 
metal castings if they were available. 


In this connection, there appears to 
be an immediate need in the space 
program for a commercial casting 
process for tungsten. Even if only 
rough castings could be produced 
for rocket nozzles, they would re- 
quire substantially less metal re- 
moval by machining. Furthermore, 
the cracks and residual stresses that 
are induced in parts machined from 
large ingots would be lessened. 

In conclusion, it is pointed out 
that the production of ingots of re- 


METICULOUS CONTROLS 
every hour, every heat, every day 


Small ferrous alloy castings, electrically melted, 


and produced in high volume, have 
business since 1946. 


en our 


But, in every instance, customers’ needs have 
been unusual— involving controls to such exact- 
ing specifications that we could not rely upon 
ordinary foundry practices. At every critical 
point in the process, our own “technical 
policemen” are on duty every operating hour. 


These manufacturing controls supplement our 
laboratory practice, and they make it possible 
to maintain the exacting customer specifications 


in high volume. 


Suppliers of critical component castings 
to the automotive, aircraft, hydraulic, and 
special machine industries since 1946. 


ENGINEERING CASTINGS, INC. 


MARSHALL, MICHIGAN 
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fractory metals is much more ad- 
vanced technically than is the 
production of shaped castings. Satis- 
factory methods for commercial pro- 
duction of shaped castings of the 
refractory metals are at the present 
time almost nonexistent. The major 
drawback is the inability of known 
melting processes to superheat a 
large enough quantity of metal. In- 
creasing the degree of superheat will 
provide for a greater degree of puri- 
fication and increased fluidity. This, 
in turn, will act to alleviate gating 
and risering problems in the pro- 
duction of refractory metal castings. 
W. W. AustTIN 


Digest of “Melting and Cast- 
ing of the Refractory Metals 
Molybdenum, Columbium, Tan- 
talum, and Tungsten”, by W. H. 
Johnson, Defense Metals Infor- 
mation Center Report 139, Nov. 
18, 1960, Battelle Memorial In- 
stitute, Columbus, Ohio. 


How Al and N Affect 
the Fracture of 
Steel Castings 


“Rock candy” fracture due to 
critical amounts of aluminum 
and nitrogen can be controlled 
by special heating practices or 
the use of titanium and zir- 
conium for deoxidizing. 


PECULIAR FORM of fracture, 
known as “rock candy” or “in- 
tergranular” fracture and character- 
ized by large, smooth facets, is 
occasionally found in carbon and 
low-alloy steel castings. Actually, the 
fracture is not strictly intergranular. 
This type of fracture occurs around 
the boundaries of the prior delta or 
austenitic grains. The present in- 
vestigation was carried out to ex- 
amine the role played by aluminum 
nitride. 

For the experiments, steels were 
made (in induction furnaces) of 
materials containing different ni- 
trogen contents, and were cast into 
green sand molds. Sections from 
the castings were oil quenched from 
900° C., (1650°F.), tempered at 
650° C. (1200° F.) for 1 hr., and 
water quenched to avoid temper 
brittleness. They were then 
notched, and broken by slow bend- 
ing in a hydraulic testing machine. 
The total nitrogen, acid-soluble ni- 
trogen, aluminum nitride, and acid- 
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The two radiographs of a multiple thickness aluminum were recorded on Superay ‘B’ (the slower film). Shrinkage 
casting (minimum to maximum thickness—1 inch) were and inclusions in thicker sections were recorded on the 
exposed simultaneously on Superay® ‘A’ and Superay ‘B’ faster film (Superay ‘A’). Both films developed for 6 minutes 
X-ray film in a Sandwich Pak. Defects in thinner portions in Ansco Liquadol at 68°. 


Ansco Sandwich Pak 
cuts X-ray time in half! 


MULTIPLE THICKNESS CASTINGS X-RAYED WITH ONE EXPOSURE! 
ELIMINATES DARKROOM LOADING! 


Ansco Sandwich Pak is a single unit package for daylight handling... made up of one sheet of 

Superay ‘A’ Film sandwiched with one sheet of Ansco Superay ‘B’ Film. Ideal for obtaining maximum 
readability in radiographs of multiple thickness parts with a single 
exposure. Especially useful for low energy work where parts must 
be radiographed in quantity. 


@ Cuts set-up time in half. 

@ Eliminates darkroom loading and film holders. 
@ Increases latitude of any given exposure. 

@ Lightweight, flexible (can be taped to part). 

@ Factory sealed against dust, dirt. 


Ansco, Binghamton, N.Y. i 
A Division of General Aniline : 
and Film Corporation 4 


X-ray 
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Paint a parking lot 
with colloidal graphite ? 


Maybe not practical . . . but very possible. A pound of colloidal 
graphite contained in ‘Aquadag”® is capable of coating a surface area 
of over half an acre! Under similar circumstances 325 mesh graphite 
will hardly cover the area of a two car garage. Increased film coverage 
enables Acheson to supply both quality as well as greater economy in 
its dispersions. IT’S A MATTER OF COST PER AREA OR APPLI- 
CATION RATHER THAN COST PER POUND! Engineering note: 
Acheson dispersions provide a thinner film which does not affect 
tolerances . . . a distinct advantage in many industrial applications. 


To learn more about the unique advan- 
tages of Acheson dispersions as they 
apply to your lubricating problems, write 
Dept. MP-111. 


ACHESON-—Firsi name in solid lubricants for fifty-three years. 


AGHESOWN'| colioids Company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, Inc. 


Sales offices in principal cities. 


Also Acheson Industries (Europe) Ltd. and affiliates, London, England 
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Fracture... 


soluble aluminum contents were 
separately determined. 

Preliminary experiments with a 
low-alloy composition showed that a 
form of intergranular fracture could 
be produced by treatment with 
aluminum, providing that a slow 
cooling rate was achieved after 
solidification, or the castings were 
held in the range 900 to 1000°C. 
(1650 to 1830°F.). The fracture 
was associated with a grain bound- 
ary precipitate of aluminum nitride. 


Effect of Al/N Ratio 


A series of tests was made on an 
En 100 composition, using electro- 
lytic iron, plain carbon steel and 
Armco iron as base materials, with 
various aluminum additions. It was 
found that 100% intergranular frac- 
ture could be obtained with low 
acid-soluble nitrogen (0.005%) and 
high aluminum addition, or with 
high total nitrogen (0.015%) and 
relatively little aluminum. With 
80% intergranular fracture, only 
faint traces of grain-boundary pre- 
cipitate were observed, but as the 
aluminum nitride content increased, 
the precipitate changed from 
rounded particles to needles growing 
out from the grain boundary. The 
precipitate became coarser with in- 
creasing aluminum content, until at 
0.8% Al it ceased to occur at the 
grain boundaries but was uniformly 
distributed within the grains. Under 
these conditions (0.016% N), no in- 
tergranular fracture was observed. 


Effect of Ti and Zr 


Since titanium and zirconium ni- 
trides are more stable than aluminum 
nitride, the effect of these elements 
was studied in casts of Ni-Cr steel. 
With 0.012% N and 0.14% Al, inter- 
granular fracture was obtained as 
before. The addition of 0.08% Ti, 
however, prevented this type of frac- 
ture, without adversely affecting the 
mechanical properties, even though 
a grain-boundary film (presumed 
to be Ti-Mn-Fe sulfide) was present. 

The results obtained with addi- 
tions of 40% Zr silicon alloy were 
less encouraging. Without alumi- 
num, the fractures were not inter- 
granular, but when aluminum was 
present, Si-Zr additions up to 4 |b. 
per ton were completely ineffective 
in preventing intergranular fracture. 
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wakes 


| need a bushing that will last more than a month! 


His problem: Metal-to-Metal wear that led to seizing and galling and 
then . . . quick failure. His remedy? Well, the use of a HAYNES 
cobalt-base alloy could be the answer. 


These alloys have low coefficients of friction and are unusually 
long lasting under Metal-to-Metal wear conditions . . . ideal for 
bushings and sleeves. And they can be supplied in the exact shape, to 
the exact dimensions, and with the type finish needed to do the job. 
But HAYNES alloys can do more than solve bushing problems. 
They are used universally . . . wherever metal parts that must take a 
beating are required. To help you get acquainted with the characteristics 
of these alloys, write for our 32 page book. 


+/*4ress Inquiries to Haynes Stellite Company, 270 Park Avenue, New York 17, New York 
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HAYNES STELLITE COMPANY 


Division of 
Union Carbide Corporation, 
Kokomo, Indiana 


The terms “Haynes” and “Union Carbide” are 
registered trade-marks of Union Carbide Corporation. 


INSERT LINERS — Thin porous walls for 
quick heat penetration. Protect tube from 
spatter. Chamfered for easy boat in- 
Sertion. 25 to a carton—four cartons to 2 


' ADAPTERS— Bushings that center tube in 

Standard 2*-diameter furnace opening. 
Prevent tube breakage from vibration. — 
fenter tube in heat zone. 


HEAT REFLECTORS —Heip concentrate 
heat on sample in boat. Protect tube 
“Stopper from damage. Hose connection is — 
5/16" 0. D. with 1/8" bore for glass flow. 


REFRACTORY 
PORCELAIN 
COMPANY | 
BEAVER FALLS . PENNSYLVANIA 
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Effect of Heat Treatment 


Aluminum nitride can be taken 
into solution in austenite by heating 
in the range 1100 to 1250° C. (2000 
to 2300° F.), and retained in solu- 
tion by quenching. The effect of 
this treatment, followed by temper- 
ing at 650°C. (1200° F.), was in- 
vestigated with a cast which gave 
80% intergranular fracture after 
holding in the range 900 to 950° C. 
(1650 to 1740°F.). The results 
showed that the amount of inter- 
granular fracture could be reduced 
by heating to 1100 to 1200°C. 
(2000 to 2200° F.), but could only 
be completely removed by heating 
at 1250°C. (2300°F.) for longer 
than 2 hr. Subsequent experiments 
showed that intergranular fracture 
reappeared on cooling below about 
1150°C. (2100°F.), although it 
then occurred at the interfaces of 
the austenite grains established by 
the high temperature heat-treatment. 


Commercial Castings 


Examination of some commercial 
castings showing intergranular frac- 
ture gave a number of interesting 
results. In two instances, the frac- 
ture was considered not to be due 
to aluminum nitride alone. In one 
of these, a C-Mn steel, intergranular 
fracture was associated with grain- 
boundary films of ferrite, and did not 
occur when the samples were 
quenched and tempered. In the 
other, a 4% Ni-Cr steel, the inter- 
granular weakness was removed at 
1250° C. and could not be made to 
reappear by holding at low tempera- 
tures or by slow cooling. Further- 
more, a series of high temperature 
heat treatments carried out on 
samples from a 6-in. thick casting 
of armor plate showed almost ex- 
actly the same response as did the 
experimental cast. 


Conclusions 


Aluminum nitride can produce 
intergranular fracture in steel cast- 
ings, but this defect in aluminum- 
killed steels can be minimized by 
keeping nitrogen low, by restricting 
aluminum additions to the minimum 
required for complete deoxidation 
and by a high cooling rate after 
solidification. Intergranular fracture 
can be avoided by deoxidizing with 


titanium or zirconium, or with ti- 
tanium in combination with alumi- 
num. When this type of fracture 
is due to aluminum nitride, it can 
be removed by heating at 1250° C., 
and will reappear on slow cooling 
below 1150°C.; this constitutes a 
useful test for aluminum nitride 
embrittlement. 
R. C. A. THuRSTON 


Digest of “Effect of Al and N 
on the Occurrence of Intergran- 
ular Fracture in Steel Castings”, 
by B. C. Woodfine and A. G. 
Quarrell, Journal of the Iron 
and Steel Institute, August 1960, 
Vol. 195, p. 409-414. 


Wire Drawing— 
“Boundary” Lubrication 
Is Important 


The amount of lubricant 
carried through the die has 
an important bearing on the 
amount of reduction possible 
in drawing. 


N DEEP DRAWING operations such 

as tube drawing, lubrication plays 
an important role. The authors have 
convincingly demonstrated the man- 
ner in which boundary lubrication 
properties of drawing lubricants in- 
fluence the limits of the severity of 
reduction in cross section during 
drawing. For instance, they show 
that reductions of over 55% can be 
accomplished in one pass if proper 
lubricating practices are employed. 

In tube drawing, thick-film hydro- 
dynamic lubrication presumably ex- 
ists under light loads and high draw- 
ing speeds in low-angle dies. Under 
these conditions, the coefficient of 
friction is low (0.01 to 0.05) and 
the viscosity of the oil influences 
friction and consequent drawing 
stresses. As the die load and the 
severity of reduction are increased, 
the lubricant film between the die 
and the workpiece becomes thinner, 
and the so-called “boundary lubri- 
cation” properties of the oil become 
more important. This becomes ev- 
ident when the thickness of the lubri- 
cating film approaches the range of 
the surface roughness. Under con- 
ditions of very severe deformation 
where galling may take place, com- 
patibility between die material and 
workpiece becomes important. For 
instance, mild steel can be drawn to 
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Wire Drawing... 


much more severe reductions if tung- 
sten carbide dies are used instead of 
steel dies. Stainless steel, however, 
cannot be drawn severely with either 
steel or tungsten carbide dies. 

The authors carried out deep 
drawing experiments with an ap- 
paratus designed to exclude thick- 
film hydrodynamic conditions. By 
measuring lubricant film thicknesses 
through the use of radioactive tracer 
techniques, they were able to deter- 
mine the amount of lubricant carried 
through the die on the surface of 
the workpiece. Finding that the 
greater the lubricant throughput, 
the greater the possible reduction 
in one pass, they increased lubricant 
trapping on the workpiece surface 
by grit blasting. Through this tech- 
nique, reductions in cross-sectional 
area up to the limit of the tensile 
strength of the drawn bar were 
achieved. 

Boundary lubrication properties of 
the lubricant were found to be im- 
portant even when grit-blasted sur- 
faces were used. For example, al- 
though the addition of oleic acid 
to heptane changed the viscosity 
only slightly, it improved drawing 
capacity considerably. Other effec- 
tive boundary lubricants include 
soaps, such as stearic acid, lauric 
acid and lanoline; these soaps are 
recommended as having better lubri- 
cating potential than oleic acid. Co- 
efficient of friction values appeared 
to increase somewhat with increas- 
ing severity of drawing reduction. 

When the researchers investigated 
the drawing of other materials, they 
found that copper deforms more 
readily than steel, and that through- 
put of lubricant on copper is greater. 
Titanium is very difficult to draw 
under any conditions unless a barrier 
layer such as an oxide or phosphate 
coating is provided. This layer must 
be produced by a special treatment 
which is a supplement to conven- 
tional deep drawing lubrication. 

W. A. GLAESER 


Digest of ‘Mechanisms of 
Boundary Lubrication — 
Boundary Lubrication of Cop- 
per, Mild Steel and Stainless 
Steel During Severe Cold De- 
formation”, by P. R. Lancaster 
and G. W. Rowe. Paper (61- 
LUBS-5) presented at the Lub- 
rication Symposium, A.S.M.E., 
Miami, Fla., May 1961. 
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Large Grains in 
Austenitic Stainless 
Steels 


Some austenitic stainless 
steels develop large grains dur- 
ing heat treatment. Slight de- 
formations (before final heating) 
can lessen this effect. 


XPERIENCE WITH CERTAIN heat- 

resistant austenitic alloys has 
shown that abnormally large grains 
are sometimes developed in hot 
worked materials after final solution 
or softening treatments at elevated 
temperatures. Since such grains ad- 
versely affect mechanical properties, 
the present investigation was under- 
taken to determine the conditions 
and mechanisms governing their 
formation, and to develop methods 
of avoiding abnormal grain growth. 

Compositions of the three aus- 
tenitic alloys employed in this in- 
vestigation are given in the table 
below: 


1 2 3 
C 0.63% 0.20% 0.22% 
Si 0.41 0.74 0.62 
Mn 7.45 0.69 1.11 
S 0.008 0.012 0.003 
P 0.034 0.025 0.015 


Cr 400 17.52 13.8 
Ni 8.35 17.68 9.55 


Co — £6.83 — 
Mo — 266 2.18 
Cu — 278 25 

To — 0.74 0.78 


In each alloy, the initial material 
selected for study was hot-rolled bar 
of uniformly fine grain size. To 
simulate commercial fabrication con- 
ditions, all samples were deformed 
by compression in a laboratory test, 
the extent of deformation being ex- 
pressed as percent of reduction in 
thickness. For each alloy, separate 
samples were deformed by amounts 
ranging from 0 to 128% at tempera- 
tures ranging from 800 to 1150° C. 
(1470 to 2100°F.). Since the 
range of grain size encountered in 
a single sample was often quite 
wide, the proportion of the several 
grain sizes in each sample was esti- 
mated in terms of the following 
three categories: (a) the preponder- 
ant range of grain size; (b) a range 
in which many grains were found 
but to an extent less than in (a); 
and (c) a range in which only rela- 
tively few grains were to be found. 

Curves included in the original 


CRUCIBLES 


ALUMINA OR MULLITE 


FOR RESEARCH 


MeDanel Cracibles for laboratory 


research are available in. Mullite or — 


Alumina impervious ceramics in 


"range of sizes for temperatures 
as 3450° F. Thin walls for 


4 


fast heat transfer. 


Available at your scientific supply house. 


| REFRACTORY 
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*Pyro-Eye measuring temperature in a vacuum furnace. Photo 
courtesy of Richard D. Brew and Company, Inc., Concord, N. H. 


When high temperatures are critical, 


for accurate precise control* 


Pyro-Eye, an automatic two-color optical pyrometer, measures the temper- 
ature of an incandescent object as a function of energy radiated at two 
wavelength bands. By using this ratio principle, the instrument is not 
appreciably affected by film deposits on a sight glass nor smoke, haze or 
condensable vapors in the atmosphere. That’s one reason why Pyro-Eye 
is ideally suited to high temperature control in heavy industrial application. 
It is equally at home in the research or control laboratory. 


PYRO-EYE delivers a recorder output voltage allowing direct 
connection with conventional recorders or recorder-controllers. 


PYRO-EYE accurately measures temperatures over a very wide 
range. Standard models measure from 750°C to 3500°C 
(1400°F to 6300°F). 


PYRO-EYE is ruggedly built; service requirements are minimal. 


For full information, write for Bulletin 613, describing Pyro- 
Eye in detail. 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


Subsidiary of Kollmorgen Corporation 
68 MECHANIC STREET, ATTLEBORO, MASS. 
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paper reveal the following features 
which were confirmed by commer- 
cial rolling tests on one of the alloys, 
No. 3: 

* Nondeformed samples of the 
alloy No. 1 showed only a slight 
tendency to develop abnormally 
large grains, while nondeformed 
samples of alloy No. 3 show a 
marked tendency toward grain 
growth. 

® Small amounts of deformation 
applied to both alloys resulted in a 
progressively finer grain size except 
at the highest working temperature 
(1100°C. or 2000°F.) in Alloy 
No. 1. 

® With further deformation be- 
yond the grain refining range, a 
second amount of critical deforma- 
tion is reached which in No. 1 
causes, and in No. 3 restores, the 
tendency to develop abnormally 
large grains. 

© As the deformation temperature 
increases, the critical deformation 
for grain refinement or abnormal 
grain growth decreases for No. 1, 
but increases for No. 3. 


Grain Growth Inhibition 


It is well known that the presence 
of many fine undissolved particles 
of a second phase can have a marked 
inhibiting effect on grain growth. 
In the present investigation, the 
workers found that there was a rela- 
tively small range of temperature 
below which abnormally large grains 
could not form in a fixed period of 
time. This inhibition of grain coars- 
ening was correlated with the occur- 
rence of fine undissolved particles of 
such phases as TiC. 

It is generally conceded that a 
material must be plastically de- 
formed and contain resultant micro- 
stresses before it can be induced to 
recrystallize. To determine whether 
hot working of the present alloys 
produced a stressed condition, re- 
crystallized samples of Alloys 1 and 
2 were compressed about 6 to 8% at 
800 to 1100°C. (1470° to 2000° 
F.) and immediately air cooled. 
Transverse sections were examined 
by x-ray diffraction for line broaden- 
ing. From this study, the scientists 
concluded that such deformations 
would leave each of the alloys in a 
state of stress, or incompletely re- 
crystallized. It thus becomes under- 
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1,000,000 blows a day into solid rock 


Nickel alloy carburizing steels 
sustain powerful punch of 
heavy-duty drill. 


Every working day this G-900 
Tracdril* hammers its bit deep into 
solid rock. Connecting the drill motor 
and the bit is a string of steel which 
must take the torturous impact of 
more than 25 blows per second without 
failing. To meet this stern require- 
ment Chicago Pneumatic engineers 
specify nickel alloy carburizing steels 
for the most critical parts. 

In the chuck end of the drill, where 
the punishment is most severe, car- 
burized and hardened AISI 3312 
(3.5% Ni, 1.5% Cr) is used. Parts 
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made of AISI 3312 withstand severe 
compressive loading and wear resist- 
ance, because under heat-treatment 
they develop a surface hardness of 60 
Re min. coupled with a core hardness 
of 35-40 Re. 


In the drill feed motor rotor and the 
rifle bar and striking bar of the drill 
AISI 4620 (1.8% Ni), prevides excel- 
lent strength and toughness. To take 
high shock loads and heavy wear, 
these parts are carburized and hard- 
ened for a tough, impact-resistant 
core beneath a hard case, AISI 4620 
provides minimum distortion during 
heat-treatment and at a hardness of 
60 Re can handle compressive loads of 
200,000 psi. 


AISI 3312 and 4620 are just two of 
many nickel alloy steels that handle 
rugged jobs in all sorts of heavy-duty 
equipment. They last longer, perform 
better, and can be fabricated at prac- 
tical cost. If you’d like help with your 
problems in the selection of alloys, 


simply write to Inco describing them. 
*T.M. Chicago Pneumatic Tool Co. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Jeo, New York 5, N. Y. 


INCO NICKEL 


MAKES STEEL PERFORM 
BETTER LONGER 
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This mark tells you a product 
is made of modern, dependable Steel. 


How a 
“specially tailored” strip 
reduces production rejects 
almost 25% for Kromex 


Kromex, Inc., Cleveland, Ohio, turns out a com- 
plete line of pantry ware, but they were having 
trouble with a square, mirror-finish chromium- 
plated cake cover that was made with a single 
deep draw. Rejection rate was a stunning 25%. 
They first tried a No. 3 finish for this applica- 
tion, but because of the very deep draw and the 
dense and smooth surface, satisfactory lubrica- 
tion was near impossible. The result: Excessive 
draw marks and breakage. A regular No. 2 finish 
was then tried. The draw was successful. But 
buffing and finishing costs were prohibitive for 
this application. 

American Steel and Wire salesmen conferred 
with our Metallurgical Department and sug- 
gested a specially tailored No. 3 finish. Reject rate 
dropped to less than 1% because the special 
surface was able to hold lubricant evenly, but 
smooth enough to draw and plate flawlessly. 

Kromex is one more example of how strip, 
tatlored to end use, works to produce a better 
product at lower cost. When you buy strip, you're 
buying a specific chemistry, temper, dimension, 
edge and finish that is consistently uniform 
within the coil or from coil to coil. Certain of 
your processing steps may actually be eliminated 
by using cold rolled strip, produced in our mills, 
and tailor-made for your specific end use. 

Take a hard look at your production line and 
let our salesmen and metallurgical people look 
too. There’s a good chance you can improve 
quality and cut production costs at the same 
time with tailored-to-the-job cold rolled strip 
from American Steel and Wire. American Steel 
and Wire Division, Rockefeller Bldg., Cleveland 
13, Ohio. 


USS and American are registered trademarks. 


American Steel and Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & tron Division, Fairfield, Alabama, Southern Distributors 
United States Steel Export Company, Distributors Abroad 
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PACKAGED GAS GENERATORS PACKAGED 


PACKAGED 


The pair of 10,000 cfh high-purity nitrogen gen- 
erators pictured below is undergoing complete 
factory testing prior to shipment to the customer. 
This is standard practice at Gas Atmospheres. 


GENERATORS MUST EXCEED SPECIFICATIONS 
in production, gas purity, and dryness. This 
rigorous testing assures buyers of quick and 
easy start-up without job-site disorder, and it 
cuts servicing and maintenance to the bone. 


GAS ATMOSPHERES ORIGINATED PACKAGED 
GAS GENERATION SYSTEMS by increasing the 
productivity of various components, consolidat- 
ing operations, and designing the unit into as 
compact an area as possible. This means smaller 
generators today produce greater volume, and 
the entire unit can be factory assembled on a 
common base and shipped and installed as a 
complete unit. 


Two compact 10,000 cfh high-purity packaged nitrogengen- 
erators on test floor at Gas Atmospheres Assembly Plant. 


IF YOU USE GAS, EVEN IN SMALL AMOUNTS, 
it might pay you to produce your own with a 
modern gas generation system. It costs nothing to 
have your operation checked out by America’s fore- 
most designer and builder of packaged gas gener- 
ation svstems. Just call or write Gas Atmospheres, 
Inc., 5353 West otreet, Cleveland 35, Uhio. 


Dy 


equipment for producing industriel ¢ 
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standable that a critical amount of 
deformation within this temperature 
range can subsequently cause coarse 
grains to develop. 

The following specific conclusions 
were drawn from this investigation: 

Abnormally large grains 
(greater than A.S.T.M. No. 0) have 
been found to develop on solution 
or softening treatment of certain 
fully austenitic alloys. 

® The formation of these grains 
is associated with the prior hot 
working history of the material, but 
can be brought about in an initially 
fine-grained material after critical 
amounts of deformation at controlled 
temperatures followed by a solution 
treatment. 

® These abnormally coarse grains 
are believed to be formed by a 
mechanism of secondary recrystal- 
lization, and evidence has been ob- 
tained confirming this mechanism. 

© The rate of grain growth has 
been found to be in part dependent 
on the solution of a sufficient number 
of fine carbide particles whose pres- 
ence would otherwise impede grain 
growth. 

* Simple methods have been 
found to minimize abnormal grain 
formation in two of the alloys. This 
consists of subjecting the _fine- 
grained recrystallized material to a 
small uniform amount of deforma- 
tion at a particular temperature just 
before the final solution or softening 
treatment. 

W. W. AusTIN 


Digest of “Abnormal Grain 
Growth in Austenitic Alloys”, 
by B. Cina, Journal of the Iron 
and Steel Institute, January 
1960, Vol. 194, p. 18-28. 


Causes of Stress- 
Corrosion Cracking 


In metals and alloys, variables 
which affect  stress-corrosion 
cracking are alloy composition, 
tensile stress, corrosion environ- 
ment, temperature and time. 


TRESS-CORROSION CRACKING, a form 
of localized failure in metals and 
alloys, is caused by the combined 
action of stress and corrosion. How- 
ever, the brittle fractures that de- 
velop are more severe than would 
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CURRENT 


NEW METHOD KEEPS METALS 
BRIGHT DURING HOT-WORKING 


LCA-Developed Lithium Vapor Generator 
Eliminates Scale Formation 


Now, metals can be kept bright and scale-free during hot-working without the 
complicated chemical controls and bulky equipment formerly required. Indus- 
trial tests have shown that injecting vapors of lithium compounds into the work- 
ing atmospheres of hot mills and furnaces effectively reduces scale already present 
on the metal and prevents formation of new scale. LCA has developed equipment 
for accomplishing this injection simply, efficiently and economically. 

The Lithium Vapor Generator is essentially a compact combustion chamber 
that can be attached to the wall of the hot mill or furnace. It is fitted with a 
standard gas burner that utilizes plant fuel gas. Electrical controls are contained 
in a separate panel box that can be mounted nearby or at a remote point. 

The source of lithium vapors is a cylindrical cake consisting of a mixture of 
lithium chloride and lithium carbonate. Each unit charge contains 7% ounces 
of the salt, an amount ordinarily sufficient for an eight-hour run. 

Introduction of the lithium-compound vapor into the working atmosphere 
produces a three-fold action: 

1. It controls the oxide-forming gases to provide a protective atmosphere. 


2. The vapors are adsorbed on the surface of the metal, forming a protective 
coating that also acts as a die lubricant in rolling and drawing. 

3. The vapor diffuses into the refractory lining of the generator and mill, and 
feeds back into the working atmosphere to maintain equilibrium during the 
operating cycle. 

The new method not only solves the problem of scaling as such, but can also 

eliminate pickling...produce raw materials savings...economize on labor... 

reduce the housekeeping problems associated with abundant scaling... prolong 
roll life in rod mills. 

The Lithium Vapor Generator requires a minimum of operator attention and 
maintenance. It is constructed for easy dismantling and inspection. Use of stand- 
ard components insures immediate replacements if accidental damage occurs. 

The lithium compounds used are nontoxic under recommended conditions of 
use and present no hazard either to men or machines. 


j 


Fs 


Generator consists of a small metal box, 15 inches on a side, fitted with a gas burner. 
Separate panel box contains electrical controls. 


NEW YORK 36, N. Y. 
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LITHIUM CHEMISTRY AND METALLURGY 


LITHIUM CORPORATION OF AMERICA, INC. 
500 FIFTH AVENUE + NEW YORK 36, N.Y. 


LITHIUM INJECTION HELPS 
CURE CASTING TROUBLES 


A valuable complement to the Lithium 
Vapor Generator is the LCA Lithium 
Copper Cartridge for inoculating cop- 
per melts. The cartridges provide a 
means for injecting lithium directly 
into molten metal. Thus applied, the 
lithium scavenges out oxygen and 


. other occluded gases, increases flu- 


idity, lowers pouring temperature and 
refines the grain. 

The cartridges are conveniently 
sized to contain .005, .01, .02 and .24 
pounds of lithium metal. Though re- 
for lithium vary with con- 

ition of melt, a basic charge of one 
part lithium to ten thousand parts 
copper is indicated. Thus, melts from 
fifty pounds to twenty-four hundred 
pounds of copper can be treated with 
a single appropriately sized cartridge. 

The thin-walled cartridges give fast 
reaction in the ladle. Their thin design 
provides ease of handling and storage. 
The special hermetic seal insures 
permanent shelf life of the contained 
lithium. 


LITHIUM IN BRIEF 


eee 
New developments involving lithium are 
constantly appearing in the literature. 
Each month some will be mentioned here 
briefly. 

Silver-copper alloys with minor addi- 
tions of Li, indium and palladium are 
used in bonding stainless steel honey- 
comb. As little as 0.2% Li in the ternary 
alloy makes it suitable for this purpose. 
Use in the B-58 and B-70 structures is 
described. (6770) . 

Ag-Cu-Li brazing compositions are com- 
mercially available for joining noble 
metals. The addition of 1% lithium con- 
fers self-fluxing properties as well as 
improved wetting and spreading. Ag-Li 
filler has been used to braze beryllium 
sandwiches. (4973) 


Analytical data were plotted and dis- 
cussed for Li-Mg alloys. (4817) 


Aluminum alloys containing 0.5-2.0% Li 
and small percentages of Cu alone or 
with Mn and (in some cases) Cd were 
studied. Li additions increase strength 
in the aged alloys. (4864) 

For further information, write our Tech- 
nical Service Dept., Bessemer City, N.C. 
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TIN 
COATING 
from .00002 


For the first time tin coated thin strip 
is available in solderable coatings up 
to .0025” thick. 


Pure tin and tin-lead alloys are now 


coated on copper, brass, or nickel in 
all gauges from .002 to .012 in thick- 
nesses of .00002 to .0025. 


Over 50 years experience in the highly 
specialized field of thin strip makes 
Somers your #1 source for that one 
job in ten that must meet rigid speci- 
fications. Write for confidential data 
blank to get the exact thin strip for 
your requirements — no obligation, of 
course. 


SOMERS BRASS COMPANY, INC. 94 Baldwin Ave., Waterbury, Comm. 


be expected from the sum of the 
individual effects of stress and cor- 
rosion. 

In fact, the extent of stress cor- 
rosion seems to be controlled by 
five principal variables: alloy com- 
position, tensile stress, corrosion en- 
vironment, temperature and time. 
As far as is known, pure metals are 
not susceptible to stress-corrosion 
cracking. Thus alloys which have 
been made from pure metals have 
shown marked improvement in re- 
sistance to the phenomenon. Sus- 
ceptibility to this type of cracking 
also decreases as alloying constit- 
uents decrease. 

Only tensile stress at the surface 
of a metal causes stress-corrosion 
cracking. Furthermore, the tend- 
ency to crack increases dispropor- 
tionately with stress, particularly at 
loads approaching the yield point. 
Residual and applied stresses are 
additive. 

In general, cracking susceptibility 
also increases with increasing tem- 
perature, exposure time and con- 
centration of corrosive ingredients in 
the surrounding environment. Too, 
it should be noted that stress-corro- 
sion cracking is not limited to an 
aqueous system, but has been ob- 
served in liquid metals, molten salts 
and in organic solutions. 

Stress-corrosion cracking may be 
minimized or avoided through ad- 
justment of as many controlling 
variables as possible. As examples, 
stresses can be reduced through the 
use of lower pressures, improved 
parts alignment, stress relief of 
weldments and _ increased section 
thickness. Swaging, shot-peening 
and other treatments by which the 
surface can be placed in compres- 
sion also may be effective. Cathodic 
protection to decrease corrosion, and 
removal of corrosive ions from 
aqueous solutions, also have had 
beneficial results. 

The paper illustrates recom- 
mended equipment design concepts 
for minimizing stress-corrosion 
cracking, and includes a_bibliog- 
raphy of more than 100 references 
on the subject. 

J. L. Wyarr 


Digest of “Stress-Corrosion 
Cracking —a Nontechnical In- 
troduction to the Problem”, by 
Warren E. Berry, Defense Met- 
als Information Center Report 
144, Jan. 6, 1961, Battelle Me- 
morial Institute, Columbus, 
Ohio. 
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brightens 
any table 
with 

Mutual Chromic Acid 


This Coffeemaster is typical of the 
handsomely and durably finished fine 
appliances made by Sunbeam Corporation, 
Chicago, Ill. They owe their sparkling 
good-looks to Sunbeam plating skill and 
Mutual® Chromic Acid. 


Mutual Chromic Acid is always 99.75% 
pure—or better. Its low sulfate content 
(less than 0.1%) makes it easier for 

you to control the acid-sulfate ratio 

of your plating bath. This safeguards 
against plating difficulties—and expensive 
rejects! 


To learn more about Mutual Chromic 
Acid and the Mutual line of chromium 
chemicals ... uses, properties and 
comprehensive technical data . . . write 
for your free copy of Solvay’s 80-page 
Technical Bulletin, “Chromium 
Chemicals.” Our Technical Service 
Staff will also be happy to answer your 
questions. State whether you would like 
to have a representative call. 


SOLVAY® PRODUCTS FOR PLATERS 

Mutual Chromic Acid ¢ Solvay Caustic Soda * Solvay Hydrogen 
Peroxide * Solvay Methylene Chioride * Mutual Sodium 
Chromate * Mutual Sodium Bichromate * Solvay Soda Ash 


61 Broadway, New York 6, N.Y. 
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Colloidal 
Graphite 


dispersions 


can help you 


3 WAYS: 


1. Production — For established 
production processes we will 
prepare dispersions to meet 
your specifications. 

2. Development — We will work 
directly with your engineers on 
development projects requiring 
specialized dispersions. 

3. Research — Our research staff 
is always available for consul- 
tation on new products, new 


processes ond new applications. 


GRAPHITE PRODUCTS CORP. 


BROOKFIELD, OHIO 


ay few uses of 


Coltoidal Graphite Dispersions: 
@ DIE LUBRICANT 
@ DRY FILM LUBRICANT 
@ IMPREGNATING COMPOUND 


@ HIGH TEMPERATURE 
LUBRICANT 
@ PARTING COMPOUND 


@ FORGING COMPOUND 


A quolified staff is available for prompt 
recommendations and quotations to meet 
your specifications or preliminary inquiries 
to our sales department. 
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No. 402— 
Fan Assembly 


Stanwood Furnace Fans are 
statically and dynamically balanced! 


Perimeter of fan blades is concentric with shaft. Every shaft is straight and 
true. Any “bugs” show up during static and dynamic balancing tests which are 
accomplished with the equipment pictured. Wobble and destructive vibration 
are eliminated, so that bearings and fan motors are protected. Result—a longer 
service life for your furnace. Heat treating equipment—baskets, fixtures, re- 
torts, furnace parts—are always the best from Stanwood, because Stanwood 
has been at it longer—knows the economical solution to the problem. Send 


for literature. 


Representatives in Principal Cities. 


STANWOOD CORPORATION 


4817 W. CORTLAND ST., CHICAGO 39, ILL. 
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Testing Steels for Low- 
Temperature Use 


For rating steel to be used in 
low-temperature applications, 
the notched and welded wide 
plate tension test gives the most 
comprehensive results. Mini- 
mum values of 35 ft-lb. and 30% 
fibrous fracture are suggested as 
specifications for steels in as- 
welded structures. 


HOUGH THE CHARPY TEST has 

proved useful for quality control, 
and has achieved a degree of success 
in correlations with brittle fracture 
casualties, engineers would prefer a 
test that simulates actual structural 
behavior more closely. To answer 
this need, tests have been developed 
for welded structures—the Pellini 
drop-weight test, and the notched 
and welded wide plate tension test. 
The former, however, has the dis- 
advantage of small size, and more 
comprehensive results are obtained 
from the latter. 

In the wide plate test, which is 
essentially a static tension test on a 
centrally notched and welded plate, 
three types of fracture may be ob- 
tained —a full width fracture, with 
or without yielding, and a low-stress 
short fracture. Experimenters have 
shown that the Robertson crack- 
arrest test separates the arrested 
from the through-fractures, and 
Peliini’s “nil ductility” temperature 
correlates with the transition from 
low-stress to high-stress fractures. 
Agreement has also been found be- 
tween low-stress fracture probability 
and Charpy V energy absorption of 
material in the strained and aged 
condition. 

There are three important varia- 
bles in the wide plate test: the notch 
length normal to the applied tension, 
the prior plastic strain (and aging) 
at the notch root due to welding, and 
the residual tensile stress around the 
notch. Notches cut after welding 
are less severe than those cut before 
welding, and mechanical or thermal 
stress relief produces a significant 
improvement in strength. 

For structures operating at low 
temperatures, impact testing alone 
does not always tell the full story. 
As an example, one steel was 
capable of giving low-stress short 
fractures at a temperature corre- 


sponding to 40 ft-lb. energy absorp- 
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today and tamorrow.. Includes important te 
nical data on properties and performance 
Carpenter VACUMELTROL" (induction vacuum) 


helpful ti 


An important addition to your high temperature files—68 pages, attractively bound in loose-leaf covers to accommodate 
new data as it is issued. Includes technical data on 23 Carpenter High Temperature Alloys, many described for the first 


time. Write for your free copy today! The Carpenter Steel Company, 133 W. Bern St., Reading, Pa. 


[arpenter steel 


you can make it consistently better with Carpenter Specialty Steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Export Dept., Port Washington, N. Y.—“CARSTEELCO” 
Alloy Tube Division, Union, N. J. 
Webb Wire Division, North Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 


NOVEMBER 1961 Circle 1933 on Page 48-8 


| [arpenter high tem 
new high temperature alloy d 
complete, up-to-date story of Carpenter | 
and fabricators produce better, more dependable | 
* 
&§ 


Chemical tinning 
hances the solderability of the 


conductive paths of printed cir- 
cuits. Pure tin is deposited only 
on metal surfaces, including ex- 
posed edges; dielectric properties 
are unchanged. 


The new process, using “CUPOSIT 
LT-26,” made by Shipley Co., 
Inc., Wellesley, Mass., is not a 
substitute for electrodeposited 
tin, but it affords protection to 
the printed circuit board, thereby 
increasing storage life. “CuposiT 
LT-26” operates at temperatures 
lower than hot tin dipping, re- 
quires no electricity, contains no 
cyanide. 


Bright side of printed circuit shows 
results of immersion in new chemical 
tinning process. 


Tin Developments 

¢ Stronger titanium results from 
addition of 15% tin. Ultimate 
tensile strength increases 90% 
at room temperature. 


¢ High-temperature brazing filler 
metal alloys of tin, nickel, 
chromium, silicon keep joints 
strong after long exposure at 
high temperatures. 


Low-melting quaternary al- 
loys of tin, indium, lead, silver 
are used for cryogenic circuits. 


Free Bulletin 


Write today for a 
free subscription 
to TIN NEWS—a 
monthly bulletin 
on tin supply, 
prices and new 
uses. 


The Malayan Tin Bureau 
Dept. T-25L, 2000 K Street, N.W., Washington 6, D.C. 
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tion and 20% crystallinity. If leak- 
age were a hazard, as in certain 
pressure vessels, the use of this steel 
would be unwise. 

In the wide plate test, thermally 
stress-relieved samples have been 
considerably superior to as-welded 
samples. Results indicate that stress- 
relieved, fully killed, mild steels 
should be satisfactory down to 
—120° F. at least. For large struc- 
tures, such as storage vessels and 
pipelines, local treatments are prob- 
ably essential, and mathematicians 
have calculated acceptable band 
widths of temperatures needed for 
local stress relief of butt welds in 
cylinders and between pairs of 
plates. Wide plate tests will be 
made to check the influence of the 
level of reduction of residual stress 
on the measured extension to brittle 
fracture. 


Design Code Requirements 


A general pattern covering non 
stress-relieved construction can be 


seen. It is apparent that many ap- 
plications for common mild steels 
exist, even when service tempera- 
tures may fall below the transition 
values. Of course, extra conserva- 
tism is necessary where application 
of a substantial pre-service overload 
is impracticable, where failure on 
the first load application would have 
catastrophic consequences, or where 
partial failures are a normal and 
acceptable operational hazard. If 
the structure has been subjected to 
a pre-service overload, operation at 
temperatures below the transition 
value is acceptable. And finally, 
when service loads at low tempera- 
tures are a small fraction of normally 
acceptable values and much below 
a previously applied load, no special 
precautions are required. 

On the basis of wide plate test 
data, it can be concluded that the 
brittle strength of a structure will 
not be less than any previously 
applied load of the same general 
pattern. Hence, the minimum fac- 
tor of safety may be assumed to be 
the ratio of the maximum applied 
load (the test pressure load, for 


FURNACE APPLICATIONS ENGINEER 


We invite inquiries from professionals in this discipline. 
The opening in our Southern California plant requires 
a specialist with capabilities in both large and small 
furnaces and preferably with experience related to the 
aerospace industry. Past record should exemplify the 
effective design and installation of heat-treating equip- 
ment and necessary controls and the marked ability to 
resolve problems of operation and maintenance. Prefer- 
ence to the professional mechanical engineer. 


PLEASE SUBMIT RESUME TO 


METAL PROGRESS, Box 111 Comm. 
Metals Park, 


An equal opportunity employer 
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@ “Sees” small areas, down to 


MEASURES : 0.080 inches 


AND CONTROLS @ Easy to focus and zero-in on target; 
TEMPERATURE reticle in telescopic sight exactly 
WITHOUT frames target 


CONTACT © Precision (repeatability) of 0.6% 


of temperature 


@ Fast: 0.3 seconds for 95% response 


@ Pushbutton temperature calibration at 
control panel 


@ Adjustment for emissivities from 
0.2 to 1.0 


@ 0-10 millivolt output for recorders, 
indicators and controllers 


THERMODOT 


IN ANY ONE OF THESE 3 DIRECT READING RANGES 


250-800°F 430-1500°F 970-7000°F 


wT OF 2 
of 
THER MODOT® 


TWO THERMODOT 
MODELS AVAILABLE 
IN ANY OF THE 

3 ABOVE RANGES... 


WRITE OR CALL TODAY—ASK FOR 


Base Price $810 


RADIATION ELECTRONICS CO. 


DIVISION OF COMPTOMETER CORPORATION 
S600 Jarvis Avenue «+ Chicago 48, Illinois + Telephone SPring 5-2400 
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Low-Temperature 


instance) to the operating load. 
This conclusion only applies to 
service loads of the same pattern. 
For example, brittle fracture could 
be initiated, if the service conditions 
at some time resulted in tensile 
stresses in regions which had been 
stressed in compression by the pre- 
load. Furthermore, initiation of 


brittle fracture may be predicted if 


additional loads or thermal stresses 
occur under operating conditions. 
For nonstress-relieved vessels at 
temperatures down to about —20° 
F., both British and American codes 
permit the use of common mild steel, 
although much of the steel will prob- 
ably have transition temperatures 
above this level. This policy may 
be satisfactory for the thinner plate 
(although it appears to be less con- 
servative than for refrigeration prac- 
tice), but it is noteworthy that the 
British code is more conservative 


TEAR MARKS REDUCED 
IN EXTRUDED ALUMINUM 
WHEN DESPATCH FURNACE 
HOMOGENIZES ‘LOGS’ 


An 1150° F. max. (+10°) Despatch direct, gas-fired homoge- 
nizing furnace is now used to prepare aluminum for extrusion 
at Wolverine Tube Division, Calumet & Hecla Inc., Decatur, 
Alabama. Tear marks have been reduced to a minimum. 


Production has been increased. Your firm can use the ex- 
perience and skill of Despatch engineers too. For no-obliga- 
tion information, write today! for free bulletin 100HZ. 


DESPATCH 
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than the American for thicker plate. 

The specification of a minimum 
Charpy impact strength of 15 ft-lb. 
has found ready acceptance for fer- 
ritic steels, but the satisfactory 
record of welded vessels operating 
below —20° F. is largely confined 
to equipment which has also been 
thermally stress relieved after fab- 
rication. Wide plate data suggest 
that notched welded specimens 
tested in the stress-relieved condi- 
tion are generally superior to simi- 
lar specimens tested in the as-welded 
condition at much higher tempera- 
tures. It would appear, therefore, 
that steels similar to A.S.T.M. A285 
could safely be used in_ stress- 
relieved structures down to at least 
180° F. below a conservatively esti- 
mated 15 ft-lb. transition tempera- 
ture. 

Though stress relieving small ves- 
sels generally presents no problems, 
it is less simple for vessels used in 
the large-scale storage of refriger- 
ated liquid. Actually, the designer 
has three alternatives: He can use 
(a) a steel which will be completely 
resistant to brittle fracture initiation 
in the as-welded condition, even 
if subjected to appreciable plastic 
deformation in service; (b) a steel 
of moderate notch ductility at serv- 
ice temperatures, with thermal stress 
relief after fabrication; or (c) a com- 
mon mild steel, coupled with design 
refinement to minimize stress raisers, 
and a thorough inspection procedure. 

For the first procedure, engineers 
must still rely upon Charpy tests, 
since the more sophisticated tests 
are not yet acceptable to steelmakers 
in general. While the requirement 
of 15 ft-lb. impact energy may be 
adequate for stress-relieved equip- 
ment, it is evidently unsatisfactory 
for all classes of ferritic steel in as- 
welded construction. Data from the 
wide plate test, however, suggest 
that the dual criterion of Hodgson 
and Boyd, 35 ft-lb. and 30% fibrous 
fracture, would exclude nil ductility 
features in most instances. Appli- 
cation of this criterion would appear 
to provide a high, but undiscriminat- 
ing, degree of assurance of satisfac- 
tory performance for steels of the 
types examined in  as-welded 


R. C. A. THurston 


Digest of “Welded Ferritic 
Steel Construction for Interme- 
diate Low-Temperature Serv- 
ice”, by A. A. Wells, A.S.T.M. 
Preprint 80C. 
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Treating Semikilled 
Steels With Columbium 


Columbium, in amounts up 
to 0.03%, increases the yield 
and tensile strengths of plate 
made of low-carbon semikilled 
steels, Formability and weld- 
ability of the steel are ade- 
quate for fabrication. 


GTMIKILLED STEELS containing 0.16 
to 0.24% C and 0.65 to 1.10% Mn 
are widely used for structural pur- 
poses. The suitability of a steel for 
such applications depends on_ its 
strength, toughness, weldability, and 
forming characteristics. This article 
describes the effects of smal] colum- 
bium additions on these properties. 

The yield and ultimate strengths 
of hot rolled plates, in thicknesses up 
to 1% in., increase regularly with 
columbium contents ranging up to 
0.03%. For example, samples from 
the inside of a coil of 5/16-in. plate 
containing 0.03% Cb had yield and 
tensile strengths of 56,000 and 
81,200 psi., respectively. These 
values are considerably higher than 
those of 45,000 and 76,000 psi. 
reported for columbium-free speci- 
mens from the same heat and coil 
location. The fact that columbium 
raises the yield strength more than 
the ultimate strength is advanta- 
geous for many applications. In the 
hot-rolled condition, the properties 
of a columbium-treated steel are sig- 
nificantly affected by the rate at 
which it cools from the finishing 
pass. For example, the yield and 
ultimate strengths of imens 
from the outside of the coil of 5/16- 
in. plate of columbium steel] were 
6500 psi. higher than those quoted 
for the inside location. The yield 
and ultimate strengths of the colum- 
bium-free samples representing the 
two coil locations agreed within 
1100 and 2700 psi., respectively. 
Despite the influence of cooling rate, 
columbium produced substantial in- 
creases in strengths in plate thick- 
nesses up to 1% in. 

However, the increases in yield 
and tensile strengths were accom- 
panied by a loss in ductility as meas- 
ured by tensile elongation values. 
The author reports that the colum- 
bium-treated steels exhibit good 
forming properties. Steels with 
yield strengths around 60,000 psi. 
have been used commercially for 
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wheels and stampings. Laboratory 
tests indicate that the columbium- 
treated steels can be welded by 
normal practice. The presence of 
columbium did not affect the 
tendency for underbead cracking. 
Meager Charpy data indicate that 
columbium improves the toughness 
of semikilled steel. This attribute is 
important especially for structural 
components with heavy sections. For 
the hot-rolled condition, best results 
are obtained when the A.S.T.M. 
grain size is No. 6 or finer. Normal- 


izing will refine the coarser sizes 
associated with higher finishing tem- 
peratures and heavier gages. 

In amounts up to 0.07%, colum- 
bium substantially lowers the hard- 
enability of these semikilled steels. 
Increasing the columbium content 
above 0.07% then gradually raises 
the hardenability. Tempering oil- 
quenched samples of columbium- 
treated steels for 5 hr. up to 1200° 
F. did not affect low-temperature 
Charpy properties adversely. 

The higher strengths of the 


THE DEFINITIVE BOOK 


on thermocouples and pyrometer accessories 


It’s still Bristol’s big 56-page “Buyers’ Guide and Users’ Manual’’—yours for the 
asking. 

One of the most useful publications ever directed specifically to the industrial 
pyrometer user, this buyers’ guide catalogs Brist>l’s comprehensive line of 
thermocouples, protection tubes, thermocouple wire and radiation unit accesso- 
ries. But, in addition to this, it’s a compendium of technical data for the pyrometer 
user—essential to newcomers to the field, valuable reference data to the old hand. 
Here’s just a partial listing of topics discussed: 


* Thermocouple types 


¢ Factors affecting thermocouple life 


* Thermocouple reproducibility 
* Calibrated thermocouples 
* Thermocouple insulation 


¢ Thermocouple protecting tubes 


* Thermocouple extension wires and 
cold-end compensation 


* Selecting the right thermocouple 
and protecting tube 


Responsiveness of thermocouples 


.-. plus more than 165 illustrations, plus 8 pages of thermocouple calibration 
tables. It’s a manual you can’t afford to be without. Write for your copy of Bristol’s 
“Thermocouple and Pyrometer Accessories Buyers’ Guide and Users’ Manual,” 
Bulletin No. P1238, today. The Bristol Company, 155 Bristol Road, Waterbury 
20, Conn. 0.32 


...for improved production 
8 iad | STO L through measurement and control 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Semikilled Steels . . . 


columbium-treated, hot-rolled steels 
permit weight savings of 20 to 40% 
in applications such as beams and 
pressure vessels. For equal design 
strengths, cost savings range from 
10 to 35%, depending on the appli- 
cation and grade of steel used. 
F. W. Boucer 


Digest of “Columbium-Treated 
Mild Carbon, Semikilled Steels”’, 
by C. L. Altenburger. Paper pre- 
sented at the A.I.S.I. Regional 
Technical Meeting, Buffalo, 
N.Y., 1960. 


Welding Molybdenum 
Tubes 


Techniques for welding tubes 
from thin-walled molybdenum 
sheet are described. 


HIS WELL-WRITTEN article pre- 
sents useful information for one 
who plans to weld tubing of thin 
molybdenum sheet (here, 0.015 in.). 
A schedule of operations arranged as 


a flow chart is given, individual oper- 
ational procedures being thoroughly 
detailed. Procedures for removing 
oxide scale from the sheet before 
welding are somewhat extensive but 
are effective. 

Nothing new or unorthodox is de- 
scribed although ingenuity is exer- 
cised in applying the automatic 
inert-gas-shielded arc, helium being 
used as the shielding gas for both 
face and root sides of the weld joint. 
Data describing the results are lim- 
ited to tests of a fabricated unit, and 
no figures are given for resultant 
mechanical or metallurgical prop- 
erties. Such information, however, 
is available in the references and is 
extensive and complete in details. 
To these references should be added 
the DMIC Report 108, “Welding 
and Brazing of Molybdenum”, by 
N. E. Weare and R. E. Monroe. 

W. T. TirFIn 


Digest of “The Fabrication of 
Thin-Wall Molybdenum Shapes 
by Welding”, by W. F. Brown 
and M. A. Pugacz. Paper (60- 
WA-53) presented at the Winter 
Annual Meeting of the A.S.M.E., 
New York, November 1960. 


Strengthening Stainless 
Steel by Cold Working 


Bars of Type 304 can be 
strengthened to a minimum 
yield strength of 100,000 psi. 
by cold straining. After strain- 
ing, the bars must be aged to 
prevent dimensional instability. 


HE COMPONENTS of many nuclear, 

rocket and aerospace devices 
make wide use of sandwich struc- 
tures because they have a_ high 
strength-to-weight ratio. These as- 
semblies use half-hard Type 301 
stainless steel for the skins because 
it has a minimum yield strength of 
110,000 psi. However, the size of 
the units is limited by the size of 
the available sheets. Therefore, 
when panel sections must be joined, 
they are welded to annealed and 
machined joining bars of stainless 
steel. Originally, these bars were 
lightly loaded so the low strength 
of the material was satisfactory. 
However, as conditions changed and 


(Right) Model RDB-47 Box Fur- 
nace. This is an extremely 
versatile unit capable of a variety 
of non-atmosphere applications 
where a continuous operating tem- 
perature up to 2250°F. is required. 
Heating chamber is 14%4’’ deep, 


requirements for temperatures up 
to 2050°F. can be handled ina gas 
tight retort with working dimen- 
sions of 3'"’ high, 13’’ deep, 
74! 

No. 1086, 


wide, 5'4"’ high. Atmosphere 


’ wide. Write for Bulletin 


(Left) Model RB-45 Atmosphere Box 
Furnace. This unit is suitable for a wide 
range of heat treating applications at all 
heat levels up to 2000°F. where atmos- 
phere is required. Clear working area is 8’’ 
wide by 13’’ deep by 5’’ high. Complete 
with automatic flame curtain, flowmeter, 
atmosphere burn-off and all necessary 
age components. Write for Bulletin 
0. 1 


Here are two units from Lindberg’s complete line of 
equipment for research, pilot plant and limited 
production applications. This equipment has been 
engineered and ruggedly constructed to provide high 
efficiency and years of dependable service. These are 


completely packaged, compact units ready for opera- 
tion upon connection to utilities. Pilot Plant Equip- 
ment Division, Lindberg Engineering Company, 
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2448 West Hubbard Street, Chicago 12, Illinois. 
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Superior (SAE) hydraulic quality tubing— 
strength plus formability for safer systems 


There are many reasons why Superior (SAE) hydraulic quality 
tubing is specified for application in hydraulic systems operating 
under pressures up to 3000 psi. It has an ultimate tensile 
strength of 60,000 psi max., a yield strength of 25/45,000 psi, 
and an elongation of 35/45Q% in 2 in. it has a recommended 
maximum working pressure range of 530 to 11,750 psi, depend- 
ing on OD and wall thickness. Every length is hydrostatically 
tested under maximum working pressure. It is made of non- 
aging steel, maximum carbon content 0.12%. It is specially 
coated with a waxlike rust preventive. 


Superior (SAE) hydraulic quality tubing has other important 
advantages too. It can be easily bent into angle turns or sweep 
bends—pipe fittings, which are subject to leakage, are elimi- 
nated. It does not require threading, which removes metal and 
weakens the wall. It absorbs vibration by reducing the number 
of fittings needed and by providing the required strength with 
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minimum wall thickness. It has a bright, smooth, scalefree 
interior to minimize turbulence and pressure drop. 


No matter what your small-diameter tubing requirements are, 
we can satisfy them. In addition to (SAE) hydraulic quality 
tubing, we offer more than 120 analyses in quantities from 
50 to 1,000,000 ft. Sizes range from .010 in. to % in. OD. 
Bulletin 39 gives complete details about Superior (SAE) 
hydraulic quality tubing—write for a copy today. Superior Tube 
Company, 2008 Germantown Ave., Norristown, Pa. 


Superior Tube 


NORRISTOWN, PA. 
West Coast: Pacific Tube Company, Los Angeles, California 
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Stainless Steel . . . 


the operating temperatures rose, de- 
signers needed stronger materials 
with yield strengths of about 
100,000 psi. Since these were not 
available commercially in sizes over 
% in. in diameter, alternatives were 
needed. 

The first substitutes considered 
were the precipitation-hardening and 
the heat treatable stainless steels. 
These were rejected for two reasons: 
Their coefficients of expansion were 
not compatible with that of the skins, 
and they would require postfabrica- 
tion heat treatments that were not 
practical. As a result, a develop- 
mental program was conducted to 
determine whether high-strength 
bars of austenitic stainless steel 
could be produced by cold straining 
in tension. 

Standard tensile specimens of 
Type 304 stainless steel, used in 
rating the uniformity of straining, 
showed that both the necked and 
unnecked portions of the bars were 
hardened and strengthened by the 


tensile straining. As would be ex- 
pected, the strength of the necked 
portions of the bars was much higher 
than that of the unnecked portions, 
but the strength of the unnecked 
portion was more uniform. When 
the effects of chemical composition 
and’ previous rolling history were 
also studied, the researchers found 
that both factors had a considerable 
effect on the work-hardening rates. 

Square bars ranging from 34 to 
168 in. in length were strained with 
and without reduced cross sections 
to determine the optimum configura- 
tion for uniform strain. After each 
bar was strained, its properties were 
rated by testing a standard tensile 
bar sectioned from it. True stress- 
strain curves, used to evaluate the 
results, revealed that the amount of 
strain needed to obtain 100,000-psi. 
minimum yield strength varied from 
18 to 40%. 

Tests were also conducted to de- 
termine the effect of stabilizing at 
800° F. for 2 hr., since the operat- 
ing temperature of the bars would 
be 700° F. Though the treatment 
had little effect on the tensile and 


yield strengths of the strained bars, 
the lengths changed by an amount 
sufficient to indicate that a stabiliz- 
ing treatment was necessary. 

The following conclusions were 
based upon the test results obtained: 

© Type 304 stainless steel can be 
strained to a minimum yield strength 
of 100,000 psi., and higher values 
seem to be readily obtainable. 

© The use of “true stress versus 
strain” plots will help minimize vari- 
ations in straining characteristics. 

© If necking does not occur, 
neither bar lengths nor geometry 
will affect the uniformity of the 
properties obtained, regardless of 
percentage of strain. 

® To avoid dimensional instabil- 
ity (with its possible resultant build- 
up of residual stresses), the bars 
must be aged after straining. 

BERNARD TROCK 


Digest of “Strain Strenethen- 
ing of Type 304 Stainless Steel,” 
by Walter Hammer. Jr., Leon- 
ard Stemann and E. E. Weis- 
mantel. Paper (Preprint 83) 
presented at 64th Annual Meet- 
ing, A.S.T.M., Atlantic City, 
N.J., June 1961. 


sion mechanisms desired. . . 


phase bonding. 


Aggressive individuals wanted who will become 
familiar with all phases of R&D and assume broad 
technical or administrative responsibilities. . . . 


information, write L. G. Hill, 


BATTELLE MEMORIAL 


INSTITUTE 


Columbus 1, Ohio 


Materials Engineers 
and Scientists 


Splendid opportunity! Immediate openings for: 
Metallurgists, Ceramists, Mechanical Engineers and 
related fields; B.S., M.S., Ph.D. . . . Basic solid-state 
background, knowledge of thermodynamics, diffu- 
. Participate in: Devel- 
opment of advanced materials in nuclear and high- 
temperature applications; high-energy-rate proc- 
esses; powder metallurgy; plasma; hot and cold 
isostatic fabrication; materials compatibility; com- 
pound synthesis; new fabrication processes; solid 


THIS IS ONE 
USE FOR INDIUM 


. . « THERE ARE X MORE 


by oe Indium 
Corporation and used extensively in pointed circuit oa § are noted for 
e 


“Indalloy” Intermediate manufactured exclusivel 
their wettability, corrosion-resistance, 
important, flowability and workability. Indium is available in many forms and 
can be tailor-made for ANY application. Write today for research help. 


For “INDALLOY” SOLDERS ADHERE TO: ® 26 METALS, ALLOYS 
@ 21 THIN METAL FILMS @ 18 NON-METALS 


FREE SOLDER BOOK: 
“INDALLOY™ intermediate Solders.. 


“INDIUM 


CORPORATION OF AMERICA 
1676 LINCOLN AVENUE 
Pioneers in the Development and Application of Indium for Industry. 
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Write Dept. P-62 for new Indium bulletin: 


e UTICA, NEW YORK 
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INCONEL alloy 718 uses new age-hardening constituent 


Huntington Alloys 


to achieve high properties...easy fabrication 


INCONEL* alloy 718 is the strongest 
wrought alloy available for use in the 
temperature range 800°—1300°F, fill- 
ing a gap between the martensitic stain- 
less steels and the high temperature 
“super” alloys. 


INCONEL alloy 718 is hardened and 
strengthened by a coherent face cen- 
tered cubic precipitate of nickel, colum- 
bium and molybdenum. The precipitate 
has a lattice parameter of 3.631 as 
compared with a value of 3.601 for the 
matrix—a misfit of 0.8%. This is sub- 
stantially higher than the misfit obtained 
with the usual Nis (Al, Ti) type of 
gamma prime precipitate, accounting 
for the higher strength of the alloy. 


Figure 1 illustrates the tensile proper- 
ties of the alloy from room temperature 
to 2000°F. Like all other nickel-base 
alloys, the strength increases at subzero 
temperature with little loss of ductility. 
Tests at minus 320°F showed an in- 
crease of about 20% in tensile strength 
over room temperature results. Figure 2 
shows stress-rupture properties, illus- 
trating the good notch ductility of 
alloy 718. 


Another notable feature of INCONEL 
alloy 718 is its high fatigue strength, 
especially in corrosive environments. 
Recent room temperature tests on hot 
rolled, annealed aged bars showed a 
fatigue limit of 89,000 psi (unbroken at 
108 cycles) in air, and 60,000 psi in 
sea water. 


INCONEL alloy 718 can be welded 
in the age-hardened condition. This 
is important because it permits repairs 
or final closures on age-hardened com- 
ponents. Good ductility of the age- 
hardened alloy enables it to withstand 
residual welding stresses. Pre- and post- 
welding stress-relief heat treatments, 
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Nickel-columbium precipitate provides 
outstanding strength—slow aging response. 


FIGURE 1 


required by other alloys, are seldom 
necessary. 


Slow aging response aids forming. 
Alloys hardened with aluminum and 
titanium must contain relatively large 
amounts of these elements in order to 
obtain useful property levels. This has 
the unfortunate result of greatly 
increasing the speed of age-hardening. 
Therefore, when a part is annealed to 
relieve the cold work of forming, it 
must be cooled rapidly or quenched to 
prevent hardening while cooling through 
the 1500°—1200° F temperature range. 
INCONEL alloy 718, hardened by col- 
umbium, can be heated and cooled 
through the aging temperature range at 
normal speeds while maintaining soft- 
ness and ductility. Figure 3 shows the 
aging response of mill annealed sheet 
for various temperatures and times. As 
can be seen, virtually no hardening oc- 
curs in the first two or three minutes of 
exposure in the age-hardening temper- 
ature range. (In contrast, aluminum- 
titanium hardened alloys containing 
sufficient hardener content to approach 
the strength level of INCONEL alloy 
718 would develop high hardness in the 
same period of time). 


What are your alloy requirements? 
If you have need of an alloy with high 
strength at temperatures up to 1300°F, 
unusual corrosion-fatigue resistance, and 
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simplified fabrication methods, investi- 
gate INCOMEL alloy 718. Write for 
our Current Data Report —-INCONEL 
alloy 718, 


"Registered trademark of 
The International Nickel Company, Inc. 


HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc. 
Huntington NCO, West Virginia 
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CATHODIC VACUUM 
ETCHER 


a metallurgical must for advanced 
materials development and production 
filling today's pressing needs for more 
precise interpretations of material struc: 
ture - ADVANCED—produces high reso- 
lution of microstructure previously unat- 
tainable through standard techniques. 
Improves both electron and optical 
microscopic detail - UNIQUE—enables 
easy, simultaneous prepartion of dis- 
similar materials not readily etched by 
conventional chemical or electrochem- 
ical techniques such as roll-bonded 
uranium, zirconium, niobium, hafnium, 
nitride-coated and cobalt stainless steels 
+ DEPENDABLE—uniform, reproducible 
results in less time with a minimum of 
effort. Eliminates the guesswork * 
RUGGED—simplegonstruction, thor- 
oughly tested, designed for day-in, day- 
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Increasing the Corrosion 
Resistance of Plated 
Parts 


A more rapid test for deter- 
mining corrosion on plated auto- 
mobile parts has helped to 
improve corrosion resistance. 


HE AUTHORS describe work for 

improving the reliability and 
reproducibility of the CASS test 
(copper chloride, modified acetic 
acid, salt spray), used to predict the 
outdoor corrosion resistance of elec- 
troplated automobile parts. They 
indicate, in fact, that corrosion re- 
sistance of plated parts has improved 
significantly since the beginning of 
the 1959 model year, when the 
CASS test came into fairly general 
use. 

The authors report progress in 
the area of improving CASS test 
controls and operations. Important 
variables that require control are: 

1. Volume of corroding solution 
contacting the tested surface. The 
volume is controlled by proper 
atomization of the solution to pro- 
vide a fog-settling rate within speci- 
fied limits. This requires that the 
nozzles be controlled; a length of 0.5 
mm. glass capillary is suggested as a 
restrictor to prevent flooding in the 
nozzle throat. 

2. Relative humidity of the atom- 
izing air. The air should be as nearly 
saturated as possible (incomplete 
saturation results in evaporation of 
water from fog, and oversaturation 
results in dilution of fog). 

3. Water height in bubble tower. 
Incomplete humidification of air will 
result if the water is shallow. There- 
fore, automatic water level control- 
lers are recommended. 

4. Uniformity of specimen prep- 
aration. Because CASS test results 
correlate with those from outdoor 
performances when specimens are 
cleaned with magnesium oxide, it is 
suggested that magnesium oxide 
cleaning be standardized. 

The authors state that, since the 
corrosion observed in specimens 
subjected to the 16-hr. CASS test 
is similar to that noted on specimens 
subjected to one year of service in 
the Detroit area, the mechanism of 
corrosion is the same. To obtain in- 
formation on the nature of the cor- 


rosion process, steel panels plated 
uniformly with copper and _ nickel, 
as well as various chromium plates 
were exposed to the CASS solution. 
Then, the solution was collected as 
it dropped from the specimens, and 
analyzed. From these analyses, it 
was determined that the nickel con- 
tent of the solution was related to 
the corrosion of the steel. Tests 
conducted for 96 hr. showed uniform 
corrosion of nickel in the absence of 
a chromium plate; the nickel cor- 
roded uniformly and no rust was ob- 
served. However, many rust spots 
appeared with a 0.006 mil coating 
of chromium, but no rust spots ap- 
peared with a chromium coat of 
0.046 mil. 

The rate of corrosion of nickel in 
chromium-plated nickel is greatly 
influenced by the ratio of nickel to 
chromium area, decreasing as the 
ratio increases. When the chromium 
thickness is at least 0.03 mil plated 
on 1.0 mil of nickel, no basis-metal 
corrosion is observed in four-day 
CASS tests. It will be interesting to 
learn if practical control of the nickel- 
to-chromium area ratio will limit 
the nickel penetration rate. 

F. H. Beck 


Digest of “A Progress Report 
on Experiences in Improving 
Corrosion Resistance of Auto- 
mobile Parts”, by J. D. Thomas, 
D. W. Hardesty, and C. F. Nix- 
on. ae presented at the 47th 
Annual Convention of the Amer- 
ican Electroplaters’ Society, Los 
Angeles, July 1960. 


Cladding Steel to 


Improve Corrosion, 
Wear and High- 
Temperature Properties 


Through the use of specially 
designed equipment, welders 
can make ps we of uniform 
depths and penetrations up to 3 
in. in width. 


Fo TS work, special equipment 

has been developed, built, and 
successfully tested, to deposit over- 
lay (up to 3 in. wide) of uniform 
thickness and depth of penetration. 
The gas-shielded direct-current arc 
permits wide latitude in the selec- 
tion of overlay materials. For ex- 
ample, nickel, Monel, and Type 308 
ELC and 309 stainless steel have 
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Put a complete cleaning-phosphating department in 
your plant at a fraction of the cost and space of 


standard systems! PH 0 STEE 


This is all the equipment you need to set up 
an economical and highly efficient PHOSTEEM 
cleaning and phosphating process! (Cabinet 
at right is auxiliary steam equipment required 
only if plant steam is not available.) 


Photo courtesy of the Electro Steam Generator Co. 


QUALITY COATING— 

the PHOSTEEM process cleans and phospha- 
tizes metal surfaces simultaneously, even pro- 
vides a final acidulated rinse, closely duplicat- 
ing the quality obtained with conventional 
power spray washers. It increases corrosion 
resistance, adds paint bonding durability to 
any size or shape of virtually any metal alloy 
product ... with coating uniformity far supe- 
rior to hand and conventional steam cleaning. 


MINIMUM REQUIREMENTS— 

you can install a PHOSTEEM system with a 
surprisingly small investment. You can utilize 
existing plant steam or install an inexpensive 
steam generator. 


PHOSTEEM 
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DOWN-THE-LINE ECONOMY— 
PHOSTEEM requires a minimum of floor 
space. Costly controls are completely elimi- 
nated. Yet you can use PHOSTEEM any- 
where, anytime, for any kind of metal 
surface preparation! 


If your production cycle is low or sporadic 
PHOSTEEM can be a wise investment to in- 
sure superior metal treating quality at a cost 
consistent with your production schedules. 
Call in your local Amchem Representative 
for the facts and figures, or write us direct for 
complete systems data. 


*PHOSTEEM is a registered trademark of Amchem Products, Inc. for its cleaning and 
coating chemical. 


Amchem is a registered trademark of AMCHEM PRODUCTS, INC. 
(Formerly American Chemical Paint Co.) 
AMBLER, PA. ¢ Niles, Calif. ¢ Detroit, Mich. « 
St. Joseph, Mo. ¢ Windsor, Ont. 
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Cladding Steel . . . 


been used in these tests, and there 
is ample reason to assume that any 
wire presently being employed by 
the gas-shielded arc process can also 
be used. The same consideration 
applies to the base metal. 

To explain the value of this tech- 
nique, readers should know that, in 
conventional overlay procedures, the 
weaving motion of the arc produces 
a short dwell when the electrode 
direction is reversed. Thus, at the 
dwell point, there is a somewhat 
heavier buildup and a deeper pene- 
tration into the base metal. Weld 
metal is also diluted to a greater 
degree. However, this new tech- 
nique employs a_ constant-velocity 
cam mechanism to oscillate the elec- 
trode along a saw-tooth pattern. 
The result is an overlay bead of uni- 
form thickness, depth of penetration, 
and with no end dwell. 

A most interesting part of the 
paper is the author’s account of the 
ingenious application of know-how 
to prevent arcing of the filler wire 


inside the electrode welding barrel. 
To attain maximum heating of the 
electrode wire prior to arcing, the 
point of current contact with the 
wire was moved back as much as 3 
in. from the point of arcing. This 
provided for a 3-in. length of wire 
between the contact point and the 
work. However, when the arc cur- 
rent was initiated, the wire heated 
up and exploded. To overcome this, 
a combination contact-and-guide 
tube was installed at the exit in the 
electrode welding barrel. This tube 
served as a contact for the arc initiat- 
ing current, and also as a guide for 
the electrode wire. For starting, the 
arc current flows through this con- 
tact point. As soon as the arc is 
established, however, the current is 
automatically shunted through the 
extension contact which is approxi- 
mately 3 in. from the arc. This 
“electrode extension” permits addi- 
tional heating of the electrode before 
deposition. The author reports that 
the technique achieves “a consider- 
able increase in deposition rate ac- 


companied by an appreciable de- 


crease in penetration”. Wire speeds 
of 400 ft. per min. were obtained at 
an electrode extension of 2% in. 
while a speed slightly in excess of 
250 in. per min. was obtained at an 
electrode extension of 1 1/16 in. 
(The electrode used was a 1/16-in. 
diameter titanium-stabilized nickel- 
base wire.) In other tests, a 3/32-in. 
diameter Type 308 ELC wire was 
deposited at a speed of about 70 in. 
per min. at an electrode extension of 
1 in. and a current of 300 amp. At 
an electrode extension of 2% in. 
and a current of 400 amp., the wire 
speed was approximately 180 in. per 
min. 

The paper presents a number of 
other illustrations of overlays de- 
posited by this technique and data 
listing current values, deposition 
rates, electrode speeds, and rate of 
surface coverage. W. T. TIFFIN 


Digest of “New Techniques 
for Cladding with the Gas- 
Shielded Process”, by Ralph D. 
Engel. Paper presented at 41st 
Annual Meeting, A.W.S., Los 
Angeles, April 1960. 
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BLUE M 


Stab- Glow/FURNACES 


BENCH OR FLOOR 


BOX TYPE 


FOR RESEARCH OR INDUSTRIAL USE 


ELECTRONIC 
INSTRUMENTATION 


and *PROPORTIONING CONTROL 
*PATENTED 
ALL ELECTRIC AND 


AUTOMATIC * RUGGED 
CONSTRUCTION 


Two zones employing two types of heating elements, and each 
having its own controls! That's how these two high temperatures 
are accomplished at the same time in this Pereco Straight-line 
Furnace. And for the ultimate in precise control, each zone also 
has its own saturable core reactor system. Depending upon the 
work requirements, Pereco also offers in this same SNX Series 
of Furnaces any Itiple or binati of pre-heat, high 
temperature or cooling zones. So, write Pereco for recommenda- 
tions for handling your specific needs. 


PERECO 


Dept. Q, 893 Chambers Road 
Columbus 12, Ohio 
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FOR HEAT TREATING & 
ANNEALING OF FERROUS 
AND NON-FERROUS METALS, 
OPTICAL GLASS, FUSIONS, 
ETC. 


RANGES TO 2800°F. 
25 SIZES to 9 cu. ft. 


I QUALITY PARTS 


BLUE ISLAND, ! 
DIVISION: BLUE M ENGIN 
2312 So. Main Street, Los Angeles 7, California 
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NUCLEAR GRAPHITE NEWS 


from NATIONAL CARBON COMPANY 


DIVISION OF UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK 17, N. Y. 


Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 


OFFICES: Birmingham, Chicago, H 


NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 
@ RESISTS THERMAL SHOCK 
@ EASILY FABRICATED 
e@ HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 


NUCLEAR GRAPHITE RESEARCH COVERS 
ALL PHASES AT NATIONAL CARBON 


Three-quarters of a century of expe- 
rience in carbon/graphite, and serv- 
ice to the nation’s nuclear program 
since its beginning, are behind the 
research and development continu- 
ally in progress at three laboratories 
of NATIONAL CARBON. 

Extensive study of irradiation ef- 
fect on graphite; development of 
higher purity and lower permeability 
graphite; the production of larger 
monolithic blocks; carbon-coated fuel 
particles; graphite matrix fuel ele- 
ments; new techniques for close-tol- 
erance machining, are all subjects 
receiving constant effort at National 
Carbon Company. 

Through its combination of unsur- 
passed research, engineering, and 
production facilities for nuclear 
graphite, NATIONAL CARBON is fully 
equipped to meet the special needs 
of the industry. NATIONAL CARBON 


plication of graphite. 
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Building of Test Reactors Continues 
Under University Research Programs 


a 


This graphite reflector for a test reactor is similar to the type now being 
constructed for the Georgia Institute of Technology by O. G. Kelley & Company 


More and more colleges and univer- 
sities are expanding their research 
programs to include nuclear reactors. 
One of the latest additions at the uni- 
versity level is the nuclear facility now 
under construction on the grounds of 
the Georgia Institute of Technology 
in Atlanta, Georgia. 

Nuclear graphite from NATIONAL 
CARBON is used in the reflector, which 
is similar to the type shown in the 
above illustration. 

The Georgia Tech Research Re- 
actor was designed to satisfy as many 
requirements in a broad research pro- 
gram in nuclear science as possible. 
Its breadth of utility not only em- 
braces classroom practices and ma- 
terial testing, but also serves as a 
basic research instrument for ad- 


“‘National”’ and ‘‘Union Carbide’’ are registered trade-marks for products of 


invites discussion of any potentialap- WNMWATIONAL CARBON COMPANY 
| 
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vanced experimentation, including 
medical research. 

The Georgia Tech reactor is very 
similar to the CP-5 Argonne Research 
Reactor and, in some respects, the 
MIT reactor. It will have an initial 
power rating of 1000 kw, with an 
eventual capacity of 5000 kw. 

Since its pioneering use in the first 
reactor at Stagg Field, University of 
Chicago, “National” nuclear graph- 
ite has been inereasingly employed 
in applications such as: moderator, 
reflector, thermal column, fuel ele- 
ment concepts, and control rods. Ex- 
tremely resistant to thermal shock, 
and with no danger of melt-down, 
graphite is the logical solution to the 
higher-temperature reactors of the 
future. 
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How Refractory Materials 
Withstand High Air 
Velocities and 
Temperatures 


_ Three composites, silicon car- 
bide plus silicon, chromium 
plus 28% alumina, and titanium 
boride plus 5% boron carbide, 
can resist high air velocities at 
3800° F. 


TRUCTURES AND SKINS of hyper- 

sonic craft, must be able to with- 
stand such flight conditions as 2000” 
F. temperatures and  high-Mach 
speeds without significant loss of 
physical and mechanical properties. 
In air at high temperatures, the de- 
terioration of refractories is consid- 
erably influenced by their oxidation 
characteristics, particularly at high 
speeds. In still air, some refrac- 
tories form protective oxides, but 
high-speed flight may continuously 
remove them by corrosion, Al- 
though most of the refractory ma- 


terials resist this type of erosion, 
their oxides generally do not. Like- 
wise, materials which oxidize rapidly 
are unsatisfactory. It follows that 
the most useful materials are those 
whose change in weight and surface 
condition is least. 

With these variables in mind, 22 
refractory materials were evaluated 
with a heated air jet (stagnation 
temperature, 3800° F.; pressure, 105 
lb. per sq.in.; velocity, Mach 2). 
These materials had been screened 
from a large number on the basis of 
best thermal-shock resistance. Six 
had silicon carbide as the major 
constituent with carbon, silicon, or 
silicon nitride additions; five were 
titanium carbide cermets with nickel 
or molybdenum-nickel additions; 
four were alumina cermets with 
large proportions of chromium, par- 
tially replaced by molybdenum in 
one instance and tungsten in an- 
other; five were titanium boride with 
or without minor additions of boron 
carbide or nickel; and finally, one 
was chromium boride and one was 
silicon nitride. 


For testing, hemispherical-nose 
cylinders (4 in. in diameter) repre- 
senting each material were given 
four runs, lasting 30 sec. each, and 
allowed to cool to room temperature 
between runs. Specimens were 
weighed before and after each run, 
the effect on surface condition also 
being noted. Temperatures re- 
mained essentially constant during 
the last 25 sec. of each run, ranging 
from 2260° F. for the titanium bor- 
ides to above 2550° F. for the 
titanium carbides. 

There was no apparent interior 
changes in the specimens; all with- 
stood four test cycles without ap- 
parent damage due to thermal shock. 

The materials were judged prin- 
cipally on the basis of weight change 
in the specimens, although surface 
damage characteristics were noted 
and found to be consistent. No one 
class of materials was outstanding. 
Rather, of the three materials show- 
ing the best resistance to deteriora- 
tion, one each represented three of 
the principal classes tested. These 

(Continued on p. 192) 


TEMPERATURES 


ULTRA-LOW TEMPERATURE CABINETS 


Zirconia 


Zirconia 


WRITE FOR 


Get all the facts about... 
ZIRCONIUM OXIDE 
REFRACTORY GRAINS 


Monoclinic (pure) 


Stabilized (cubic) 


© Research Seven Revco cabinets, both chest and 
° St upright styles, are available. Capacities YOUR COPY 
orage range from 1.5 to 6 cu. ft. in chests and OF THIS 
© Seasoning to 22 cu. ft. in uprights. Units provide INFORMATIVE 
n) : temperatures to —140° F. control- ILLUSTRATED 
5 © Testing lable within + 1°. Optional accessories 


are offered. Immediate delivery on 
all units. 

For your FREE copy of the helpful 
folder, “‘Selecting a low temperature 
cabinet,”’ write Revco, Dept. MP-111. 


Industrial Products Div., 


REVCO we. 


Deerfield, Michigan 


ng Trends in Refrigeration Since 1938 


FOLDER 


31501 SOLON RD. - CLEVELAND 39, OHIO — 
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IRCONIUM 
CORPORATION 
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INDE) i ELECTRIC 


WELDING 


New...very-thin, fused deposits with controlled dilution 
New...high-speed, dross-free cuts in 5-in. thick metals 


LinvE, inventor of plasma are processes, announces new 
PLasMarc weld surfacing and advanced PLasMarc cutting. 
What is plasma arc? It is a flow of gas forced through an elec- 
tric arc, constricted in a small-bore torch nozzle, and acceler- 
ated to form an intense jet. It combines electrical heat with 
the latent heat of highly-excited ionized gas atoms to reach 
one of the highest known metal-working temperatures 
(30,000° F.). It will melt any known metal. 


A TRUE WELD 


PiasmMarc weld surfacing is true welding—not coating or 
plating—achieved by feeding powdered metal through the 
plasma are into a weld puddle which freezes to form the 
deposit. Its precision eliminates excess buildup—ideal for 
such parts as valves, plowshares, seals . . . 

PLasMarc weld surfacing gives precise control of penetra- 
tion of overlay metal into base metal—as little as .005 in. or 
higher. Gives precise control of dilution with base metal — 
from 5% up to 50°. Provides one-pass deposits as thin as 
.010 in., as thick as 3/16 in., with a wide range of metals and 
alloys. Produces widths from % in. to 1 in. or more, speeds 


over 20 ipm at 95% deposition efficiency, flatter and smoother 
deposits than other fusion processes. 


4000 FT./SEC. VELOCITY 


PLASMARC cutting uses a near-sonic velocity plasma jet (4000 
ft./sec.). It easily melts-and- forces a narrow kerf through 
both ferrous and non-ferrous metals with little or no change 
in metallurgical properties. After six years’ success, it is re- 
placing shearing, sawing and powder cutting —slower meth- 
ods which often require machining of the cut edge. 

PLasMaRc cutting has been further developed—heavy- 
duty equipment, higher current capacity—to handle increased 
metal thicknesses. It cuts aluminum, magnesium and copper 
up to 5-in. thick and stainless steel up to 2 in. thick, dross- 
free. It clean-cuts 4-in. thick stainless, nickel, carbon steel | 
(requires no iron powder), “Monel,” “Inconel,” cast iron, 
high-alloy and clad steels. It makes precise, high-speed cuts 
up to 300 ipm, holds tolerances to 1/16 in., leaves a heat band 
as thin as .006-in. wide. 

Get full details . . . see a “live” PLasmarnc demonstration. 
Contact your local Linpe office or write direct. 


INDE COMPANY 
Division of Union Carbide Corporation © 
270 Park Avenue, New York 17, N.Y. 
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Kentron 
micro 
tester 


OFFERS SPEED, Whether you're in Research or 


Production, the handy load- 
EASE , PRECISION changing (1 to 10,000 gm), 
the precision stage that centers indent under 'scope 
and the Knoop or Vickers diamond indenter all 
make micro hardness testing faster, easier and 
more precise than you ever knew it could be. Test 
any solid for hardness, mounted or unmounted. 
Choose 2-4” or 8” vertical capacity. 


Bach batch of T. Tempil- For a demonstration, write Dept. MPK-116: 


ng t by our * ® 
oratory — and independ- R bh] 


: RIEHLE TESTING MACHINES DIVISION OF 
American Machine and Metals, Ine. 
*Trademark EAST MOLINE. ILLINOIS 
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PREDICTABILITY 
A Key to Reliability 


Advanced technologies demand accu- 
rate predictions of performance in 
tools as well as materials. Predictabil- 
ity in tools used is basic to reliability 


Cleaning and polishing sma in products made. 
component parts, instruments 


ABRASIVES can be used with com- 


Tempilstiks® have earned an enviable acceptance as ets contence. They will pevtorm 
as expected — engineered for the most 


tures—in both science and industry. This gratifying Deburring, Smoothing, Cleaning 
position is the result of many years of accumulated , ‘ i and Polishing. 

know-how and unremitting research and development. ‘ : 


WHEELS Coarse (C) 
Available in 100 systematically spaced temperature Breaking edges, shaping to slight POINTS Medi 

pot ledium (M) 
ratings from 100° to 2500° F, inclusive......$2.00 each. 


STICKS 
Most leading industrial supply houses carry Tempilstiks®. x CONES Extra-Fine (XF) 


If yours is an exception, write to us for further informa- ee Sold through leading 


tion and the name of your nearest distributor. —_— Industrial Supply Distributors 
i ate FREE! send for the new, informative 22 page 


MARKETING DIVISION Cratex Application Manual, including a 


complete illustrated catalog. 


Tempil° corporation cnt CRATEX 


danger MANUFACTURING COMPANY, INC. 


1600 Rollins Road Burlingame, Cariforma 
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LINDE COMPANY, DIVISION OF UNION CARBIDE CORPORATION 


Abrasives, 99.98% pure alumina, 
simplify polishing of metals 


Once it was a complex art to put preci- 
sion finishes on metals. Polishing, sharp- 
ening, honing involved many abrasives 
and techniques. Now, with LINDE alu- 
mina abrasives, metallographic polish- 
ing is routine. 


Magnified 1500 X—a sample of tungsten car- 
bide with 6% cobalt binder polished by modi- 
fied procedure for hard materials. (Murakami’s 
etch). 

In three grades LINDE 0.3 A (alpha 
alumina), LINDE 0.05 B (gamma alu- 
mina), and LINDE 1.0 C (alpha alumina) 
—these low-cost, fast-cutting white pow- 
ders can be used with many materials. 
LINDE 1.0 C removes material rapidly; 
LINDE 0.3 A cuts quickly, yet leaves a 
clear, unsmeared finish; LINDE 0.05 B 
cuts slower but produces a finer finish. 
Uniformity of the particle size elimi- 
nates levigation in finishing. 

Powders can be used dry, or mixed 
with water or other vehicles to make a 
thin slurry or heavy paste, or com- 
pounded with waxes in convenient stick 
form. Both are highly resistant to com- 
mon acids. Check, send the coupon. 


Now —high workability for 
tungsten in crystal form 


Ingots.of LINDE crys- 

tal tungsten can be 

worked into intricate 

shapes for electronic, 

other applications. It 

can be done at room 

temperature, using 

standard machine 

tools. Metal has no 

porosity, relatively 

low impurity, is less 

brittle than PM tung- 

sten. Crystal tungsten also has unusual 
ductility, has been drawn into wire as 
fine as 1 mil for greater yield of finished 
product from starting ingot. Check, 
send the coupon for details. 
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High-grade wear from lower-grade metals 
—with tungsten carbide coatings 


Bearings on the torque meter shaft of a 
turbo-prop aircraft engine gave only 50 
hours operating life, even though the 
bearings were heat-treated. The short 
life was caused by severe fretting corro- 
sion. Then the bearing surfaces were 
given a tungsten carbide coating with 
LINDE’s Flame-Plating process. Service 
life is now greater than 1500 hours. 

A critical tolerance had to be main- 
tained between a ball piston and the 
piston wall in a hydraulic pump. Car- 
bide inserts mating with steel balls 
proved unsatisfactory due to differential 
expansion at operating temperature. 
Carbide balls added considerable weight. 
The problem was solved with Flame- 
Plated steel bushings which had the 
correct expansion rate and a wear re- 
sistance equal to solid carbide—at con- 
siderably less weight. 


Aluminum toughened 


In another situation, aluminum rocker 
arms were being used in an aircraft 
heater mechanism to keep weight under 


overall requirements. But, because of 
severe sliding abrasion, the relatively 
soft metal lasted only about 100 hours. 
When the wearing surface was given a 
precision coating of tungsten carbide, 
service life jumped to more than 1000 
hours. And the desirable light weight 
of aluminum was not lost. 

These are typical examples of how 
LINDE’s custom-coating service can be 
used to upgrade many ordinary metal 
parts by coating their wearing surfaces 
with tungsten carbide, aluminum oxide, 
tungsten, molybdenum, other oxides 
and materials. The thin coatings multi- 
ply wear performance many times over 
—but at the lower costs and with the 
retention of the other desirable proper- 
ties associated with the base metals. 

If you need technical information on 
particular problems with wear caused 
by abrasion, corrosion, erosion — even 
under conditions of severely high tem- 
perature, high load, or absence of lu- 
bricant or cooling—LINDE can help you. 
Check and send the coupon below. 


PHYSICAL DATA—FLAME-PLATED COATINGS 


COATING 


DESIGNATION tw-t LW-IN 


tw-5 


Tungsten Carbide 


Tungsten 
+13% to 16% Co 


Carbide + 6% 
to 8% Co 


Approx. Composition 
by weight 


99% +Al,0; 
(gamma) 


85% Cr, C2 + 
15% Ni-Cr 


25% WC +7% 
Ni + mixed W-Cr 
Carbides 


Hardness Vicker's 1200 to 1450 
PN 300) 


( 300 


1050 to 1150 VPN 
70 to 71 R. 


1000 to 1200 VPN 850 VPN 1000 to 1200 VPN 


Maximum temp. in 1000°F . 1000°F 


oxidizing atmosphere 


200°F. to 


1800°F . 1 
1800°F 


1400°F . 


Coefficient of thermal 
expansion 


4.0 x 10 
Ave 


70 to 
oF 


4.7 «10 ©/°F. 


Avg. 70 to 
1060°F 


4.6 x 10 ¢/°F. 


6.4 10 


Avg. 70 to 
1860°F 


3.9 x 10 °/°F. 


Modulus of Rupture 


67,000 psi 


80,000 to 
106,000 psi 


40,000 psi 


75,000 psi 


22,000 psi 


Modulus of Elasticity 


44 x 10° psi 


42 to 40 x 10° psi 


17 x 10° gsi 


22 x 10° psi 


16 x 10° psi 


Porosity 


0.5% 


0.5 to 1.0% 


0.5% 


0.5% 


1.0% 


Specific Gravity 


14.2 


13.2 


10.1 


6.54 


3.45 


Specific Heat 


0.048 


0.056 


0.070 


0.127 


0.196 


Thermal Conductivity 


5.3 at S00°F. 


5.3 at S00°F 


3.8 at S00°F 


4.3 at 500°F 


0.86 at S00°F 


Main features 


Extreme wear 
resistance 


Excellent wear 
resistance + 
increased resist. 
to mechanical 


and thermal shock. 


Excellent wear 

resist. to higher 
temps. Improved 
corrosion resist. 


Good wear resist. 
at high temp. or 


in corrosive media. 


Resists flame 
impingement. 


Excellent resist 
to wear, chem 
attack and high 
temperature 
deterioration. 


CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


Linde Company, Dept. MP-11 
270 Park Avenue 
New York 17, N.Y. 


Please send details on the items checked: 
LINDE Flame-Plated Coatings 

(DO LINDE Alumina Abrasives 

(0 LINDE Arc Crystal Tungsten 
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Model NMR-12E non-metallic resistor Harrop furnace. Mechanical 
or hydraulic elevator. Shuttle hearth also available. 


Harrop electric atmosphere furnace is designed 
for precision testing and small parts production 


Here is a furnace that is adaptable to many uses, 
such as crystal growing and firing of ferrites, titanates 
and similar electronic ceramic parts. Instrumentation 
can be supplied for any firing requirement, both in 
respect to control and to control forms affecting the 
time-temperature-atmosphere relations. 

Harrop NMR Series elevator furnaces are available 
in two firing chamber sizes ... 12” x 16” x 12” and 
20” x 26” x 20”. They fire rapidly to + 2° F. accuracy 
within their range of 2000° to 2700’ F. Cooling can be 
quickly accomplished by an external sealed heat ex- 
changer to follow a program controller. 


Within the area of Harrop's broad 
scope and varied abilities, you 
may well find the solution to your 
problem relating to 
* the controlled application of 
heat 
* the measurement of the effect 
of temperature 
To secure a prompt, objective eval- 
vation of Harrop's ability to help 
you .. . write Dr. Robert A. 
Schoenlaub, Director of Research, 
Harrop Precision Furnace Co., 3470 
East Fifth Avenue, Columbus 19, 
Ohio. 
Gas-fired Harrop furnace, GFHT Series, available in both 
floor and elevator types. Range of setting spaces from 8” 


dia. and 14” height to 36” dia. and 48” height. Standard 
temperature range to 3300” F., higher if desired. 


t:ARROP PRECISION FURNACE CO. 


Dept. M (A Division of Harrop Ceramic Service Co.) 
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NEW NEW NEW NEW NEW NEW NEW NEW NEW 
when it 


you know the temperature! 


NEW 


THERMOMELT 


TEMPERATURE 
INDICATORS 


The easy modern way to determine exact working temperatures! 


Just mark or stroke the surface with 
THERMOMELT ... when it reaches the desired 
ene rature, the mark liquefies. There’s no guess- : 
no wasted time or material. With Handy 
THERMOMELT is the quick, precise way to Adjustable 
determine heating temperatures. Accurate to Holder 
within +1%. 
A Stik For Every Temperature from ALSO AVAILABLE IN LIQUIDS 
113° F. to 2000° F. AND PELLETS for inaccessible 
onhard-to-measure applications. 
literature pellet sample (indicate vers of Markal Paintstik 
temperature desired. ond Protective 


Me A R K AL CO. 3118 West Carroll Avenue « Chicago 12, Illinois 
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Special Pre-Publication Price 
BAIN & PAXTON'S 
new edition 


ALLOYING ELEMENTS IN STEEL 


This widely-known book, in use for more than 20 years, 
has been completely revised and up-dated. 


It concentrates in 340 pages the scientific and engineer- 
ing information in the influence of alleying elements in 
steel, the actual function of various elements incorpo- 
rated in alloy steels. It shows the extensive list of prop- 
erties that may be altered by alloying elements, through 
their effects on microstructure. 


This is a distinguished and authoritative book in a new 
edition. It belongs on your reference shelf or in your 
library. 
Authors: Dr. Edgar C. Bain 
Dr. Harold W. Paxton 


5% x 8%—340 pp.—195 illustrations 
ASM members—$7.60 Non-members—$9.50 


PRE-PUBLICATION PRICE 
UNTIL OCTOBER 15, 1961 
ASM Members—$6.65 Non-members—$8.55 


AMERICAN SOCIETY FOR METALS 
METALS PARK, OHIO 


Send _________ copies '‘Alloying Elements in Steel'', 2nd edition, 
as soon as printed, at the special pre-publication price of 


NAME 

COMPANY 

STREET_ 


—_—. bill my firm —_. bill me —— check or m.o. enclosed 
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CHARLES SAENGER tells 
how Lindberg equipment 
produced better 


cutters and hobs 


Charles Saenger, Chief Metallurgist for the Illinois Tool Works in Chicago, Illinois. 


“Unground form cutters and hobs require certain refinements above and beyond those needed [JB 
for ground tools. Our Lindberg-Upton salt-bath units and daily chemical control of the 
salt-bath solutions help us maintain an excellent surface condition and hold to critical dimensional 
tolerances and close hardness range required by these tools. We are very well pleased with the 


consistent, trouble-free service our Lindberg-Upton furnaces have provided month in and month out.” 


The success of Illinois Tool Works in producing their 
top-quality unground form cutters and gear hobs is a 
well-established fact. The banks of Lindberg-Upton 
furnaces in their plant provide quality control in high 
speed steel hardening through the ability to hold 
rigidly the desired temperature and also assure 
proper salt conditions at all times. 


The solution to any salt-bath furnace requirement 
is easy to find. Lindberg, through an exclusive agree- 
ment with Upton Electric Furnace Company, can offer 
high and low temperature furnaces for every produc- 
tion process where salt-bath equipment is needed. 
For complete information just call the nearest Lindberg 
representative (he's listed in your classified phone 
book) or, if you prefer, write us direct. Salt Bath 
Furnace Division, Lindberg Engineering Company, 
2448 West Hubbard Street, Chicago 12, Illinois. 

Los Angeles plant: 11937 S. Regentview Avenue, Downey, California. 
In Canada: Birlefco-Lindberg Ltd., 15 Pelham Ave., Toronto 9, Ont. 


Also, Lindberg plants in Argentina, Australia, England, France, 
Italy, Japan, Spain, Switzerland and V/est Germany. 


heat for industry 
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Refractory Materials . . . 


three that showed essentially no 
weight change were: silicon carbide 
with silicon, which showed very 
slight surface erosion; chromium 
with 28% alumina, which formed an 
adherent yellow-green coating; and 
titanium boride plus 5% boron car- 
bide, on which little surface change 
was noted. As far as use in airborne 
units is concerned, the silicon car- 
bide has an obvious advantage — the 
alumina cermet is nearly twice as 
dense and the titanium boride is 
even heavier. M. W. Hawkes 


Digest of “Investigations of 
the Deterioration of 22 Refrac- 
tory Materials in a Mech Num- 
ber 2 Jet at a Stagnation Tem- 

erature of 3800° F.”, by B. W. 
ww's, NAS* Technical Note 
D-906, June 1961, National Aer- 
onautics and Space Administra- 
tion, Washington, D 


How Alloys Affect 
Hot Cracking of 
Stainless Steels 


According to tests, tungsten 
and manganese reduce hot 
cracking tendencies, while sili- 
con and titanium increase them. 


HIS IS A CLEAR and detailed dis- 

cussion of the application of the 
cast pin tear test to determine the 
effects of the chemical analysis of 
the cracking of stainless steels as 
they cool after welding. The prime 
object of the test is to submit the as- 
cast test piece to a uniform tension 
as it cools; this tension can be highly 
concentrated at a given area across 


the section of the piece being tested. 
By careful control of temperature 
and the use of standard lengths of 
a copper cylinder (which is heated 
by the cooling test piece, and, in 
expanding, furnishes the necessary 
tension), we apparently can de- 
termine quite accurately the effect 
of a given variation in chemistry on 
the ability of the test piece to resist 
this tension without fracture. 

Although the data obtained seems 
to be local in its application, it is 
still quite remarkable in its apparent 
scope and engineering value. It is 
information which should be wel- 
comed by everyone who has to be 
in any way responsible for heat- 
resisting alloy steel applications, the 
rolling of stainless steel in mgots and 
stainless steel welding, and the like. 

Apparently, the results of these 
tests indicate that the work done 
many years ago in developing high 
speed steel was on sound ground in 
indicating tungsten, chromium, man- 
ganese and vanadium as the best 
alloys. 

I believe this is a commendable 
contribution to a better understand- 
ing of the effects of some alloying 
conditions on the hot as-cast strength 
of heat-resisting stainless steels. I 
am certain it is information which 
will be referred to many times; it 
should stimulate research work to 
find out what makes tungsten and 
manganese reduce hot cracking, and 
silicon and titanium increase hot 
cracking of the as-cast structure. 

H. W. McQuarw 
Digest of “Effects of Alloying 

Additions on Hot Cracking of 

Austenitic Chromium - Nickel 

Stainless Steels”, by Frederick 

C. Hull. Paper (Preprint 78) 


presented at the A.S.T.M. annual 
meeting, June 1960. 


Park, Ohio. 


NEW! Just off the press .. . 
High-Strength Steels for the Missile Industry 


Materials and fabrication problems, stress-corrosion, fracture 
toughness, metallurgical tests — all these idea filled subjects and 
more are covered in this new, authoritative A.S.M. book. Au- 
thors from Aerojet-General, U. S. Steel, U. S. Naval Research 
Laboratory, General Motors, N.A.S.A., Mellon Institute for In- 
dustrial Research, United Aircraft and National Academy of 
Sciences make this an essential book for your use now — and for 
your reference library—284 pages—8% x 11—hard cover—ASM 
Members $9.60. Nonmembers $12.00. Clip and send to ASM 
Technical and Engineering Book Information Service, Metals 
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Three articles on Modern Heat Treatment lead off this month’s 
magazine — and first of the three is Richard J. Gould’s report on 
“A Superior Microstructure for Optimum Induction Hardening”. 
The article is based on his work as a metallurgist in the actuator 
department of the Sagi- 
(Mich.) Steering } 

ear Div. of General : 

Motors. His studies at d 
the University of West 
Virginia were inter- 
rupted by military serv- 
ice but at the war’s end 
he returned to school — 
transferring to Michigan 
College of Mining and 
Technology —and_ was 
graduated with a B.S. 
degree in metallurgical 
engineering. His back- 
ground in industry — be- 


in 1954 — includes work TREATING 


as a _ metallurgist in 


observer at Jones & Laughlin Steel Corp. in Pittsburgh, and as 
foreman at the Eaton Foundry in Vassar, Mich. After working 
hours, he concentrates on his family (he has two lovely daughters, 
14 and 8, and a dachshund) and golf, skiing and photography. 


charge of heat treating 
at the Midwestern Machinery Co. in Joplin, Mo., as inspector- ee EQUIP MENT 


SAO A method for strengthening 
ees semiaustenitic stainless steels is 
discussed on p. 78 by David C. 
Ludwigson, a project leader in 
Battelle’s ferrous and high-alloy 
metallurgy division in Colum- 
bus, Ohio. Dave joined Battelle 
Memorial Institute in 1956 after 
earning his B.E. degree in metal- 
lurgy from Yale University. He 
continued his studies part-time 
at Ohio State University and in 
1959 received his M.S. degree. 
His principal efforts have been 
aimed at developing new stain- 
less steels and improving exist- 
ing grades. In addition he han- 
dles stainless steel technology Phone TY 

for Battelle’s Defense Metals 


Information Center. ENGINEERING LEADERSHIP. 
He lists color photography as 
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HARRIS BASKET CHILLING 
ATTAINS NEW STABILITY 


HARDNESS FOR 
NORMA-HOFFMANN BEARINGS 


“Our Harris Production Chilling Cabi- 
net attai di i | stability in our 
bearing: along with a hardness higher 
than normally obtained by heat stabi- 
lization methods,"’ says Richard D. 
Robertson, Vice President of Manufactur- 
ing for Norma-Hoftmann Bearings Corp., 
Stamford, Conn. 

His comment tallies with those of 
hundreds of other officials of America's 
foremost manufacturers who are achiev- 
ing, at the sub-freezing range of the 
temperature scale, metal properties never 
possible with conventional heat treating. 
The reliability of Harris equipment in 
these applications is testifying to Harris’ 
pioneering background since 1934 in 
servicing and engineering refrigeration 
equipment for the most exacting re- 
quirements. 


Norma-Hoffmann’'s Harris Model 331- 
A2-75 Heavy Duty Chilling Cabinet with 
solid wall basket refrigerates 500 Ibs. 
of steel from room temperature to 
-120°F. in 1% hours with ambient room 
temperature of 100°F. Total adjustable 
temperature range is O°F. to -150°F. In- 
dicating controlling thermostat sensitive 
to 1°F. One year warranty and 30-day 
service agreement. 


RECORDER 


Loose parts easily handled in solid wall 
basket with screen bottom for efficient 
air circulation and rapid heat transfer. 
Blower insures uniform temperature 
throughout chamber. 


ASK HOW CHILLING CAN CUT YOUR 
COSTS. IMPROVE YOUR PRODUCT 


306 RIVER ST., CAMBRIDGE 39 MASS. 
ecialists in Refrigeration Engineering, 
anufacturing, and Service since 1934. 
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one of his hobbies — favorite subjects include his wife and daughter 
and vacation scenes. He also confesses to an addiction to contract 
bridge. In his own words, “I get withdrawal symptoms if I don't 
play at regular intervals”. 


In the second article in our two-part series on 2219 aluminum 
alloy three Alcoa engineers, F. R. Collins, F. G. Nelson and I. B. 
Robinson (shown right to left in the photo below), discuss welding 
characteristics and properties of weldments. Part I which appeared 
in September dealt with general characteristics, properties and cor- 
rosion resistance. Mr. Collins, head of the joining section at Alcoa’s 
Research Laboratories in New Kensington, Pa., has been on Alcoa’s 
staff since graduating from Brown University in 1947 (with a degree 
in electrical engineering). His work has included reduction, re- 
fining and plating processes for aluminum and since 1955 welding, 
brazing and soldering. He became head of the joining section in 


the process metallurgy division in 1958. Spare-time activities in- 
clude music and attempting to keep up with his two sons and three 
daughters. 

F. G. Nelson joined Alcoa in 1946 as a research engineer in the 
mechanical testing division. After graduating from Virginia Mili- 
tary Institute in 194] with a B.S. degree civil engineering, he 
worked for the Martin Co., then entered military service. At Alcoa 
he has been responsible for analyzing information of the mechanical 
properties of all types of welded joints and the exploration of the 
extent of the heat-affected zone in weldments. His wife and three 
children share his interest in traveling, philately, photography and 
scuba diving. 

Following his graduation from Colorado School of Mines in 1951 
with a degree in metallurgical engineering, I. B. Robinson joined 
Alcoa’s process metallurgy division where, as a research engineer 
in the joining section, he worked on various phases of aluminum 
joining. He spent two years in the Army, then returned to Alcoa 
and in 1960 was transferred to the newly formed Technical Informa- 
tion Department to work on information retrieval. He received his 
M.S. degree in 1958 from Carnegie Institute of Technology. An 
incurable do-it-yourselfer, he exposes his wife and daughter to a 
wide variety of projects ranging from woodworking to dramatics. 
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Yet another article on aluminum 2219 is by two engineers at 
Boeing, Stanley L. Sears and Richard S$. Crial, who discuss the 
application of 2219 to the Bomare fuel tanks. Stan Sears (shown, 
above, on the right, with his co-author) was studying at Oregon 
State College when World War II broke out. After more than four 
years in the Army, he resumed his college work at Oregon and 
graduated with a B.S. degree in 1950. Since 1951 he has worked 
at Boeing in the engineering aspects of welding and tank fabrication. 
Married, with four children (three sons and a daughter), he enjoys 
chess, local travel, camping, clamming and just plain touring. 

Dick Crial served on destroyers in both the Atlantic and Pacific 
during World War II, and after his release attended New Mexico 
School of Mines. Graduating in 1951, he worked as a mining engi- 
neer in various mines until later that year when he was recalled 
into the Navy. He joined Howe Sound Mining Co. in 1954 as a 
mining engineer, then in 1957 came to Boeing to work on aluminum 
welding. Married, with an 18-year-old daughter (now attending 
Western Washington State College), his primary recreational activi- 
ties are hunting and fishing in Washington’s Cascade Mountains. 


The third and _ last 
part of “How to Get the 
Most From Phosphating 
Systems”, the eighth in 
our series on better fin- 
ishing, appears on p. 
108. George H. Pim- 
bley, group leader of 
metal surface conversion 
coatings in the research 
and development de- 
partment at Turco Prod- 
ucts Inc., Wilmington, 
Calif., has 41 years in- 
dustrial experience, in- 
cluding paint manufac- 
turing and research and 
development on conver- 
sion coating materials. 
He’s shown in the photo with Howard Fernbach (left), one of his 
assistants, evaluating phosphated specimens. A member of A.S.T.M., 
he is active on Committees B-8 and D-1. 
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MegopaK 
THERMOCOUPLES 


Honeywell's new line of hard-pack, small- 
diameter, mineral-insulated thermo- 
couples. Available as bulk material (com- 
bination of wires, insulation and sheath); 
elements (with measuring junction); and 
as complete assemblies (with termina- 
tions and mounting attachments). From 
this one dependable source come thou- 
sands ofotherac- 

cessories to make 
your instruments | 
perform at their 
very best. 


Get details from ; 
your Honeywell 
field engineer, or | 4 
write today for 
Catalog G100-4. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
Fiut inn Couttol 


| SINCE 1666 
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builds all types and sizes of 


INDUSTRIAL HEAT TREATING FURNACES 


including the one that’s best for you! 


Designed and built to meet your specific and individual require- 
ments, EF heat treating furnaces assure users high heating efficiency; 
accurate, automatically controlled cycles; high hourly outputs; and ex- 
tremely uniform product physicals that assure high market acceptance 
and reduce the cost of subsequent forming, fabricating and finishing 
operations. 


Furnished complete with special atmosphere equipment and all 
materials handling facilities if desired. 40 years experience. Thousands 
of successful installations. No job is too large or too unusual. For utmost 
satisfaction — and economy — submit your furnace problems to the 
experienced EF heat treating engineers — You'll find it pays! 


THE ELECTRIC FURNACE CO. 
Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Product, Using any Process, any Hourly Output. 
SUBSIDIARIES: Turnkey Engineering Co., Inc., South Gate, Cal. + Canefco Ltd., Scarborough, Ontario 

Electric Furnace (Europa) N.V., Van Helmontstraat 22, Rotterdam (7) Holland 
LICENSEE: Daido Steel Co. Ltd., Nagoya, Japan 
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250,000 full turns, more than a lifetime of 
service, and the amount of wear on ratchet 
drive lugs, or tangs, is practically unnotice- 
able. Corners remained sharp and clean and 
the surface unmarred. 


: What kind of steel does New Britain specify 

% for these vital parts? What kind of steel offers 

| this combination of high torque strength, high 
surface resistance to wear and Brinelling, plus 
uniform machinability? An alloy steel, of course 
... Aristoloy 4150 to be specific. 


Write today for complete information about 
Aristoloy alloy steels in leaded and unleaded 
grades. Ask for Product and Facilities Catalog 
orcallyour nearest Copperweld representative. 


Wear-Proof 
Alloy Steel course 


COPPERWELD 
STEEL COMPANY 


ARISTOLOY 
STEELS | 


) ARISTOLOY STEEL DIVISION t+) 4013 Mahoning Ave., Warren, Ohio « EXPORT: Copperweld Stee! international Co., 225 Broadway, New York 7, N. Y. 
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